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This study is concerned with an analysis of terrace forms in
recently glacierised areas and in particular those existing in the
Tweed Valley. It attempts to establish how significant terrace frag-
ments are as records of geoaorphological evolution of an area, how
easily they can be grouped and what has been the Late - and Foat-
Glacial history of the Tweed Valley.
A review of some of the relevant literature on other, broadly
comparable areas is followed by proposals for new definitions and a
new classification of terrace fragments based on surface morphology
and on downvalley gradient with cress valley height relationship
respectively. The limits at which down and cross valley correlation
can be carried out are discussed, along with the usual interpretations
laid on the terrace sequences reported in the literature. A full
discussion of both the possible and the employed means of mapping and
heighting terrace fragments leads to the conclusion that, for the
present purposes, only mapping on a scale of 1/10,560 and accurate
levelling or tacheoraetric survey is suitable.
As no recent account has summarised the geomorphological knowledge
pertaining to the field area, the available literature has been
summarised and added to in an analysis of the pre-terrace landscape
elements, A detailed description of all of the mapped terrace fragments
and associated fluvioglacial features is provided, arranged by splitting
the Tweed Valley into three sub-areas. Virtually all of these terrace
fragments were accurately heighted and the 11,000 resultant spot heights
are reproduced in ap endix form and also on a series of vertical linear
2
projection planes. The 'representative nature' of these results has
been tested by taking a sample from the total number of fragments
and statistically testing the variations in projected height and
gradient possible by systematically excluding certain heights on a
fragment. Correlation of individual fragments was carried out wherever
possible, viewed in the light of distortions caused by the forms and
distribution of the projection planes involved. A successful experi¬
ment involving the fitting of low order trend surfaces to individual
fragments and the attempted correlation of these surfaces is reported.
This employed spot heights in rectangular grid layouts on well-preserved
fragments in the Fleurs Castle area. The value of steering these trend
surfaces around valley meanders by changing the geographical coordinate
system and the variation in trend surface form due to different point
distribution patterns have also been investigated.
The terrace sequence obtained for the whole valley is markedly
different to those sequenoes often obtained in comparable areas,
particularly in other parts of the British Isles. It consists essentially
of several laterally-disparate suites of high gradient, ice-proximal
outwash terraces, truncated at lower levels by low gradient ice-distant
outwash terraces and Post-Glacial river terraces. The upstream extremities
of the high gradient forms is believed to mark the approximate positions
of still-stands or readvances of the downwasting ice mass formerly
occupying the Tweed Valley.
C H A ; x , A I
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By supposing the order fixed and determined, when it really is
not, further iniuiry is prevented; and propositions are taken for
granted, on the strength of a fch ^oretical principle, that require to
be ascertained by actual observation.
•i.H. fitton (1811 p.96)
A. Introduction
Valley-side terraces are among the most obvious, aesthetically
attractive and app rently simple of all georaorphological features,
fhe earliest of modern geologists and naural philosophers believed
them important enough to describe in some detail, x'layfair
(1802 p.355) for example, commented on the appearance and location of
terraces and deduced a fluvial or lacustrine origin for them, juch
advanced conce ts were not immediately accepted and the often
vitriolic debates on these features, frequent in the early and mid-
nineteenth century, can be seen as steps towards a substantiation of
the principle that the moat common relict terrace form3 were created
by rivers. However, the now-widely accepted views of Volney (1804),
Hitchcock (1833)> dana (1363), Jeikie (I865), Greenwood (1866) and
many others , erelong challenged by such workers as Hayes (1839) and
Chambers (1848), who upheld a marine ori gin for most of the features.
gven within those advocating a fluvial origin for terraces at
this time, a marked divergence of 0 inLon existed. aile many
believed the features to have been formed by rivers existing in the
geological past at higher levels than at present ( layfair 1802,
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Dana 1863), others reiterated that such forms were caused by
de osition during the enlargement of present rivers while in flood
(lylor 1868, 3rown 1870), Observations on the phenomenal power of
flood waters and the great increase in river levels possible, such as
the values luoted by Dick Lauder (1830) for the Moray floods of 1829*
were often used as arguments for such an explanation of terrace origin,
jfce growth of knowledge was such that, by the turn of the century,
few of these heretics remained, _ ubiication of i enck and 3ruckner»s
•Die Alpen im Eiszeibaiter* in 1909* in which terraced valley trains
were used as indicators of glacial limits, combined with the work of
Commont (1910) and de Lamothe (1918) on the jomme benches and terraces,
the latter used as indicators of previous sea levels, gave a great
impetus to fluvial terrace studies, acceptance of these uses of
terraces spread rapidly through many parts of the world, in particular
the Mediterranean Basin, Britain, Germany, North jnerica and
New Dealand,
ihe basis of the correlations of terrace fragments in many of
the resulting studies was altitude of the surface, usually un-jualified
by position on the fragment, obtained with a b isically unreliable
device and interpreted in terms of the preconceptions derived from
probably valid studies in other areas, Ihe widespread uncritical
application of an idea developed in other areas is typified by a
paper by Rice (1957), His terrace heigh s are "computed from
information contained on the Ordnance ,urvey 1/25,000 and 6 inch maps
(p.224) and are taken to show four relict terraces streaming from
"knickpoints" even though these terraces are separated by vertical
amounts ranging from only four to fifteen feet. It may be that the
interpretation is correct but if so, in so far as it is based on
terrace hoi ;ht, t.iis is fortuit >us.
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jjbe main tenet of this thesis i . that such misapplications of
preconceptions and ne ;lect of vital assum>tions have been widespread
in the field of ter ace studies md have c ntributed to a frequent,
if not invariable, laxity in critical examination of terraces by
eomorphologists. .ji analogy can >e taken from the widespread
acce tance of the 100,50 id 25 f ot raised beach model for Scotland,
despite the longstanding availability of evidence dijcreliting it.
Only in the last ix years, with the use by oi3sons (1962,1966) and
co-workers of accurate altimetric and other techniques, ha3 it been
shown that the raised beach . equ nee is in fact a series of tilted
beac es, decreasing in gradient with decreasing a e, solely by
applying equally detailed measurement to terraces can ib be shown if
man,., of the anomalies in the present knowledge are due (as uspected)
to limitations of the crude techniques previously employed, or if
there are indeed aspects of terrace development which render accurate
me .sureinents futile or merely unnecessary* ilius the aim of this
hesis i to examine one aspect of terraces in reater detail than has
been done in the past in an at empt to resolve at least some of the
superficialities inhe ent in many previous treatments of the topic.
Two important qualifications must be m ide at the -utset. The
first of these is ubiquitous in that all scientific inquiry is
constrained by the same limits. No scientist can undertake to
provide the abs lutely correct answer or, in this case, state with
complete certainty how and when the terrace features were formed.
All that can be expected i the sim lest internally c n is tent
explanation in hs light of the data w^liable .nd the existing frame
work of theory. Reality i: only one of aany po sible ituations that
could have occurred and without total information, much of which has
now lis 0 eared .with the formation of younger features, the best
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statement possible will still be an approximation to reality. <hile
it is hoped that this study will enable a much closer approximation to
be made than hitherto, the overriding concern and the only means in
which this improvement in accuracy can be provided, is in ensuring
internal consistency in the interpretation of the data.
ihe second qualification i3 that the field work was carried out
inside an area last de lacierised probably between ten and twenty
thousand years ago. Both in terms of preservation of small remnants
and variation in original form, the terrace sequence could be reasonably
expected to be more complex than in an area far removed from glacial
and periglacial processes in pleistocene times. ^et against this,
however, is the longevity of existence of many terraces in extra-
glaciated areas, a factor permitting much greater post-forraational
modifications to the surface. J3hus, strictly, the conclusions
derived from this study are applicable only in areas comparable with
the pweed basin. Yet, a3 the methods employed are generally more
accurate than have been used to date, they at least are immediately
applicable to extra-glaciated re -ions.
B. a definition of Perms
In part due to the len :thy period through which discussion on
terraces has been ac ive, but also owing to the various disciplines
in which workers on these features have been brained, the terminology
used to lefine the term *terrace "has varied greatly. Ihus Leopold,
..olnan and filler (I964 p.458-60) took as their definition of a
terrace "an abandoned flood plain an abandoned surface not
related to the present stream", Evidence will be presented later to
show that in the iWeed b sin certain factors make it impossible to
accept the rider that the terrace must be unrel ted to the present
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stream. .mother variation of the definition of •terrace' as implicitly
used by Clapperton (I967 p.229) who,in saying that " the . ilfield
terrace is therefore considered to be a delta deposit", employed the
terra to refer both to a surface and the un erlying stratigraphy.
Hie working definition utilised throughout this study can be
summarised by describing a terrace fragment as an approximately
laminar and Horizontal or gently inclined surface, surrounded by
perceptibly steeper slopes and located within a valley. three
ossible variations of terrace form, all of which occur in the fweed
Valley, are illu trated in figure 1.1. 'Biis definition is entirely
based on terrace morphology, genetic and other descriptive prefixes
being added only after the analysis of field data was complete for any
section of the entire field area. It concentrates on one, albeit
usually the most important part of other terrace definitions, the up¬
ward facing surface. A terrace is defined as a large terrace
fragment or a combination of approximately synchronous fragments
mrived at after correlation. Chiefly to add variety to the text,
the terms •terrace remnant' and •flat* will be used as synonyms of
terrace fr at.
ijeopold, dolman and Miller (19&4 P»460) included the frontal (or
river edge) scarp as part of the terrace. Vet, as Javis pointed out
as long ago as 1909* the largest part of this scarp was probably cut
Ion after the formation of the upward facing surface. It is as
il ogical to include the fr ont or the b ck scarp (as is advocated)
in the terrace definition as it is, say, to assume the contemporaneity
of terraces and man-made features on them: the ages of the different
landscape elements may not be si ;nificantly different but this
aepends on the boundaries of significance as much as on the actual ages.
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jjiis can be illustrated crudely by regarding the inter-terrace slopes
as the vertical axis of a graph whose X axis is downvalley distance nd
Y axis is time as /ell as height above the present river.
Implicit in the above statement is that the terrace or upward
facing surface is a synchronous feature throughout. 'Uiis may be a
crude sim lification of reality as such features can be formed by a
meaniering river engaged in slow, continuous vertical and lateral
corrosion, leading to an apparently c ntinuous and regular single
surface which is markedly diachronous across and probably down valley.
'iShis will be discussed in more detail in a later section but initially
it will be assumed that single terrace fragments are broadly
synchronous, without specifying limits to this range of synchroneity.
Uais new definition of a terrace must be adnered to spatially
and temporally. It3 adoption, therefore, has at least two important
implications: the first of these is that the flood plain is a
terrace when classified on morphological grounds. ihat this is a
sensible use of the term terrace is clear from the gra hed results of
terrace altitudes, where the difficulties of discrimin ting between
present day and low gradient relict features are often obvious, ihus
the use of 'floodplain* in this study should be taken to be a summary
of 'the terrace adjacent, to the present river and believed to be in
the proces, of formation at present*.
Ihe sec >nd implication following from the present definition of
a terrace i3 that such features can have been formed in a number of
ways. a flat surface of till is termed a terrace if suitably
located. It was therefore found advisaole in the early stages of
field work to employ a non- .enetic basis for the description of
features. Ihe width of the limits set for the term ter ace is largely,
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a function of the field area; as the gweed Valley contains few
sectims, non-fluvi _1 or non-lacustrine forms could only rarely be
excluded from the study at the mapping stage.
Hie use of 'terrace' to include or to mean surficial deposits
or bedrock, as by Clapperton (1967) i3 widespread. -urficial
materials will henceforth be entitled terrasiform deposits where the
urface is a terrace, following the use of the term by R.Chambers( 1849)
In the present study, only qualitative relationships can ne expressed
between ter asiform and nearby non-terrasiform deposits as correlatio
is essentially b -.sed on a single variable, terrace altitude and its
rate of chan e, terrace gradient. No terraces or terrace fragments
entirely underlain by rock are known to exist ithin the field area,
•Crossing terraces' will be used throughout to denote terraces
of differin downvalley gradient which intersect along a line when
seen in plan. In the normal situation, the lower gradient flat is
probably the youn :er fea:ure, burying the older relict form downvalley
from the line of intersection, ihe terra 'terrace rim' refers to the
front (river) ed,e of the terrace, owing it present location in most
cases to post formational ero ion of the materials underlying the
terrace. definitions of the terms used to describe glacial and
fluvioglacial features are those given by Flint (1957),
C, the Classification of perraces and Ibrrxe 'rajoents
lhe basis of all scientific interpretations of experimental dat
is a classification scheme; oojects are ordered into irae kind of
groupings about which meaningful statement can be made. <vS
Bronowski (i960 p«54) 3aid "Order is the selection of one set of
appearances rather than another because it ;ives a better sense of the
reality bedin, the appearances ', Unfor .unately, previous terrace
classifications, in design and use, show the varied beliefs or
preconceptions of field workers on what are orderly or significant
groupings. Frequently, where the data has been inadequate,
preconceptions of what should be found have been virtually the sole
cause of the interpretations made. fhus Bryan and day (1940) compiled
a diagram (p.40) of six near-parallel, extremely low and constant
gradient valley trains, seperated only by ten to twenty feet and
bearing little relation to the scatter of heighted points shown.
A variety of classification schemes already exists. Bearing in
mind that other 'workers have often taken different definitions of the
terra terrace, at least nine criteria have been used in the past for
the subdivision of terrace types. ihese are set out below, together
with examples from the literature in which they anpear and of the
terminology employed. deceptively, this classification of terrace
classification criteria is not as clear-cut as it may seem, owing to
the occasional use of individual prefixes to indicate several
properties of the terrace.
jividin • criterion example of terrace type
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D« .. New Classification of ferrace Fragments
ith such a multiplicity of terminology, some current, some
defunct, much of dubious value and most compounded in a period when
terrace studies were largely restricted to observation alone, rather
than that allied with measurement of suoposedly significant roperties,
it seemed be t to devise a simple new clas ifioation. fhis is
presented in figure 1.2 nd is intended solely for termination of
terrace fragment origin by altinetric means. It may, however, also
be used for the determination of the origin of terraces, after the
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initial terrace fragment correlation is complete. ihile there is no
justification for change of classification on the pretext of boredom
with that wnich is currently accepted, the dates at which most of the
t :rras listed above appeared in the literature reflect the fossilisation
of terminology 'which, indicative of a lack of continuin re assessment,
exists in terrace studies. .hat Ibulmin (19&2 p.51 aid of the
physical sciences: "reclassification of subj ct matter in the light
of discovery is the rule" must also apply to a subject in which
elatively lit le reliable ork has been carried out on regional
variations in terrace properties but in which the Phenomena are
believed to appear only in c rtain circuraat nces and thus obey
scion ific laws.
Origgs (1965,1966] pointed out that cl ..sifications can not be
ox ected to last indefinitely and loo that it is best to evise them,
here possible, to suit the purpose of the study. Further, he
up.ested that in the ideal case, the rinciple on which he lo ical
division takes 1 ce should be .he sums throughout the scheme. ihe
new classifioatian, illustrated in this case by the u e of a flow
di . ;r ji, was designed with these essentials in mind and two aspects
of the hei ht of terraces, gradient and cross v lley hei ht e "quality
or inequality, have been selected for the t o ata ;e breakdown.
In such a aim 1 classification based on one v riaole, a cert .in
araoun of 1 :bijuity is unavoidable: unpaired solifiuction terrace
fragments may have identical r... pent properties to kaae terrace
remnant: ov. r 3 ort down v.alley ii t oices, .uch a::bi i ties have to
re resolved by roc ur. a to examination of other proper ies of a
terrace, ouch as the sub- urfoce stratipraphy, die final stage in
the n a classification is com. arisen of the origin induced from
altiraetric avi lence with all alternative information.
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Many other ira ortant <|uaiific3tions and expl .nations are needed
before use of he scheme is possible. l ost in. ortant of these is
that this classification, although based on values from terrace fona3
manifestly in the process of formation at present,in various; parts of
the world, was iesigned for the fweed Valley conditions and modified
then, by comparison ith reality as perceived in the course of field-
work, erious anomalies a eared. Jo claims of universality are made
for it. All the genetic pre:'ixes refe to the agent believed
res; on ible for the largest rcen i ;e of the urface form as it exists
at present.
fxcept where otherwise stated, all rradi nts mentioned are those
in a iownvalley -iirootion. ihe prefix 'simple*, hen used in
a ociation witn gradient in this scheme, is ta.en to mean uni-
irec ional. Complex gradients are raulti- .irectional orras as might
be f >und hen he.i hting .cross a tributary' v lley alluvial fan.
positive gradient ia li s a reduction in terrace altitude doarnvalley
■:i il .- negative gradient is u ed in the conv r.e case. Uie term
•re lir' is an in; ortant luaiifioation ,.a it -ill be issumod Initially
that if a terr .ee fragment ia of .his form, it is of near-constant
slo e, i si gnifican .rid c usefu y be ei yhted, (Ihis i
i cus.-.ed at ;r tor length in the section on the i ni 'icance of
trrace fra pat nts).
Chance ter> ace reninvnts are .hose due o inflation by ost
formational erosion of near-flat urfaces of till, a parcntly unrelated
to any 0 ;se level nd f un ; to have been formed in ie eaiently of
fluvial, 1 - - trine o •' i • . ■■•nee;-/ es. .era 'p. u o t:. yces',
u 3d by . ol (19,1) for the •> features is in. licaolo i re (..a in
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this case) the terrace itself is defined solely on surface morphology,
dhere possible, prefixes were chosen so as to be mutually exclusive
but in many cases this was impossible. iCame terrace fragment, for
example, is only one subdivision of fluvial forms, Thus fluvial is
used as a prefix embracing both ice-proximal glacial outwash and ice-
distant river-formed terrace remnants. The frequently misused but
convenient term 'river terraces' will be used for the latter category,
despite the misleading inference that ice-oroxinal outwash forms are
not therefore river-formed.
In designing a system such as this, it is essential to leave a
'dustbin* category - one into which those forms that cannot be explained
by the present classification can fall and act as feedback, leading
to modification of the scheme. Likewise, good system design must
always cater for the non-appearance of features. Fluvial terraces
existing on one side of a valley and not on the other can be due to
the occurrence of originally unpaired forms or to post-depositional
erosion of paired forms. Allowance must also bo made for the possibility
of miscorrelation at every stage where the scheme is being used for
deducing the origin of terraces as opposed to terraoe fragments.
any previous classifications in design and in use have considered
the sub-surface stratigraphy of terraces and terrace fragments ( e.g.
Fiak 1939, Cotton 1940). As no attempt was made to obtain the
stratigraphy under every terrace remnant.there being few natural
or man-made sections in the Tweed Valley while borehole information
is sparse, subdivision on this criterion was impossible. Further,
some of the sections under terraces that were observed showed the
surface to have a marked indifference to subsurface lithology. An example
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near Sprouston* K#lso» showed no surface reflection of a sudden change
in the underlying near-surface jeology from unconsolidated sand and
gravel to basaltic lavas.
Essentially thi3 classification scheme is extremely simple, being
based on the principle that down valley gradients of ice-proximal out-
wash will be steep, those of river terraces much less so, while
lacustrine features should be near horizontal and those fluvial forms
rel ating to tributary valleys should be complex in form, while this
is unlikel to be controversial, the numerical values on which the
,genetic prefixes are assigned are a matter of the utmost importance
and must be justified.
i resent day lake shorelines in relatively stable areas a ^ear
to be sensibly horizontal. similar relict forms are known from
areas such as 11en do r (k'acCulloch 1817 > ilne Home 1049» Jamieson
1863), presumably near to the centre of isostatic u lift. Ice —
marginal 1 kes are wi iely accepted as having initially near-horizontal'
shorelines ( hlssons 19^7 p.114) while lake bed depo its, except in
marginal areas, could be expected to show approximately horizontal
surfaces if undisturbed. dxam 1 s of features which mi^t occur in
association with a lake in an area such as the fweed Basin are
sub guatic eltas, isostatically tilted bottom or marginal foras or
greatly eroded flats which wore originall horizontal.
,hat lit le is known of isost tic effects in he field area is
derived from the <etoiled work on raised shorelines in the Forth
estuary by i :sons nd hi co-workers. fhe maximal • iients y t
obtained are of the order of 6.7 feet per mile from the re- erth
;eadv nee beaches of eastern Fife. Ihe isobases at pr ent available
( jiason;- 1965, Jraith, A sons .nd Cullin ford 1969. in press) show
that the removal of Highland ice may have had a marked effect on the
down valley gradient of lacustrine flats in the fweed Valley if the
area was not entirely ice-covered at the time. .xamoles of isostat-
ically ieformed lake shorelines are common in parts of the United
states, Canada and ,candanavia. Ihus, although the amount of
readjustment in the field area in response to the removal of Southern
Uplands ice is unknown, the category limits for lacustri :e features
must be fixed in the light of this,possibly increasing the maximal
*isostatic gradient* to about 11 feet per mile. To include these
possibilities, a do nvalley gradient category of 0 to +10 feet per
mile w 3 accepted for the definition of lacustrine flats.
Jlaci il outwash in valley train form usually grades down v,alley
from steep, ice proximal sections with braided stream patterns to
gently sloping flood plains, often with a uni-channel stream pattern,
ihe lower limit of 5o feet per mile for ice-proximal outwash ter ace
fragments was chosen on the basis of known gradients on present day
outwash of between 80 and 130 feet permile over a distance of
1600 yards from the ice front in Iceland (pers. comm. p. Howarth) and
fr>m v lues in the literature, such as that iven by Jarr aid Martin
(1912) of 73 feetp^r mile. Flint (1957 >.1%) gives values of 26 to
52 fo3t per mile or more as common for the surface of outwash, without
specifically providing values for the ice-proximal variety.
By spot checks on he present-day parsed .radient, he limiting
values for the river terrace category were set as 0 to 59 feet per
mile. gome degree of overlap of the category limits, illustrated in
fi aire 1.2, is unavoidable ind .sere a fragment's gradient falls in
thi. range, its origin canjiot be mambiguouoly specified unl ss
additional evidence is available for clarification of the genesis of
the surface. For all the categories discussed to date, regular,
simple and positive gradient are pre-requisites before any analysis
of the value of a terrace fragment gradient can be carried out.
Considerable regional variation exists in the ease in and
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confidence with wich fragments can thus be assigned an origin on
altimetric grounds. Distinguishing between lacustrine and fluvial
forms is e isy in the higher reaches of a river valley but much more
difficult in the lower reaches where gradients of remnants are
usually small. Conversely, it is usually quite easy to distinguish
between ice proximal outwash and river terraces near the river mouth,
but much more difficult to separate the two features near the head¬
waters v/here the present river gradient may approach that of ice
proximal outwash, Ihe optimal solution, therefore, is to employ a
classification, the category limits of which are on a sliding scale,
varying with position of the fragment within the valley. However,
the vast amount of empirical work necessary for setting up of such a
classification and the yield of only regionally significant results
ensure that such a scheme would be no more than an academic exercise.
Ihe frequency of the appearance of the prefix •solifluction* in
the classification is both an indication of the variation in form
believed to be possible in this category and also of the lack of
quantitative information existing on solifluction terraces. 'ilie
hypothetical possibilities are numerous, including the veneering of
a pre-existing terrace fragment and retention of its gradient. fhe
single element of surface morphology found most useful in elimination
of such a peri -lac.i „1 origin is one cross valley profile of each
fragment where this declines from front to back of the terrace and
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has the aope .ranee of an original form, rather than being the result
of ost-de ositional erosion, solifluction is unlikely to have been
responsible for the surface, unless originating on the other side of
the valley. juch a form, sloping away from the long axis of the
valley, is most likely to be the surface expression of glacial out-
wash or a flood plain.
Numerous subdivisions of a subglacial origin for terrace
remnants are also sug ested in the cl ssific ition scheme, in part
this reflects a belief that submarginal ice tunnel deposits coul& '
form terrace fragments of limited ex cent even after frontal slumping.
Indeed, Hoppe (1963) and others have suggested that much larger flat3
may be formed by subglacial sedimentation and the suggestion by
.Price (1961) that certain terrasiform deposits in the Upper i*weed
might been formed under ice is sufficient ±0 justify the multiplicity
of categories. ihe lack of iu uxtitative knowledge of the surface
morphology of subglacial sediments has resulted in che category
boundaries being built up on the <ry .and on the properties of sub¬
glacial streams culled from other field work and the literature. It
is possible th t many other forms with gradient and surface expression
already assigned a proglacial origin may in fact have been formed under
ice. jftie policy in this thesis, however, will be to take the simpler
and more conventional alternative where a choice exists if no other
evi lence of subglacial deposition is present.
•jjerrace fragment gr iien: on its own is rarely -.n entirely
satisfactory indicator of origin. A study such as the present one,
partly normative in conc.pt, is justifiable on the grounds of
insufficient alternative evidence and also on the basis of being an
experiments rather than a mere ap lication of widely proven
techniques in an untouche area. yen so, no opportunity of checking
or refining results should be lost and the nalysis of the si nificance
of each fragment and also of the form of the terrace long profile
executed after all possible correlation of the fragments is complete,
gives valuable additional evidence of origin to that provided by use
of the new int rpretative classification scheme.
fhe gignificance of a Terrace Fragment
,J1 the heights presented in appendix 1(a) and in sraphical
form in this thesis were collected on the fundamental assumption that
the terrace fragment, a surface flat, is significant, in that a close
relationship exists between its present form and the processes
responsible for its original form and subsequent change of level in
relation to the present stream. Furthermore, it was assumed that the
vast majority of the remnants were formed very largely b,y one group of
processes rather than another, say fluvial rather than periglacial.
,.hile slight modifications to this latter assumption are now possible
in the light of field observations, the basic principle of a
univariate ex 1^nation of terrace fragment form must be adhered to,
principally because of a lack of non-altimetric data. pwo situations
exist in which a flat may not be amenable to such explanation: where
com osite features occur or here there is ambiguity of interpretation
through what Chisholm (1167) has termed equifinality of form (see
belowJ.
It i probably s ,fe to assume that ositive re yular forms aro
non-con osite. ihile t rrasiform deposits very frequently indicate
lultivariate origin (e.g. ,ills 1924 p.294) the surface i -self is
likely to be solely a result of the most recently active agent of
erosion o deposition. Pcc tions to this are e oily conceived but
are usually equally obvious in the field as multiple forms. oi
example of such a composite form might occur when a river engaged in
slow vertical corrosion forms a meander slowly shifting down valley;
the successive terraces formed on the inside upstream side of the
meander would appear as a series of descending steos. .<here the
downcutting tends to be continuous, these steps tend towards the
lirnitin case of a continuous slope, diachronou3 but labelled a
poly,genetic terrace by Chaput (1930). .ven if this limiting case
were never attained, erosion at the terrace front and de osition at
the back of the lower flat would tend to-wards smoothing of the steps
into a composite diaenronous plane.
Creafcer dif iculty is experienced in dealing with irregular
features in that such forms may require a univariate, or a multi¬
variate explanation. frye and Leonard (1954) suggested that
terrace long profiles could be markedly complex, perhaps sigmoidal
in form, and it is quite reasonable to extend this to terrace
fragments. Cases of outwash fans su erini .osed on bedrock with a
marked angular break at the junction are common in the ksottish
Highlands and it seems that in some in■tances the ter aces cut in the
fan and occasionally in the rock downs ream from the junction are
contemporaneous. Aich irregular long rofiles could be explained in
a univariate fashion while a morphologically identical, composite
feature formed by crossing terraces may require a multivariate solution#
fhis is an example of equifinality of form of irregular features.
Composite forms only exist as a small p rcenta e of all the terrace
fragments in the fweed Valley; wherever they were found, further
investigation w s car ied out.
Hie greatest difficulty is experienced in iealing with surfaces
of a multivariate ori ;in but having a regular downvalley profile.
Indeed, it has already been accepted that features with such a
regular profile are probably non-com osite and it would appear
impossible to distinguish such landforms on the basis of surface
altitude alone. Apart from an examination of the stratigraphy of
the terrasiform deposits, an analysis of surface roughness can, how¬
ever, be a good guide to /hether a fragment is essentially due to one
factor or whether a multivariate solution may be necessary.
Although often indistinguishable on higher and older terrace
remnants, two types of surface roughness exist and techniques are
currently Available for their measurement and quantitative expression,
(Hobson 1967). .secondary roughness, caused by channels dissecting
the flat, following a change of base level or some other controlling
factor, is of little help except that on a statistical basis it might
be possible to correlate near-synchronous 1 rge terrace fragments over
considerable areas by evising a hierachio&l scheme of the state of
surface dissection,
primary surface roughness, where it can safely be recognised,
is of much greater value. Hie presence of point bars, channel bars,
cut off channels, levees, channel fill or other morphological elements
of the floodplain immediately excludes many of the ambiguities listed
in c rtain section of the classification. Furthermore, the remains
of a relict braided pattern might be related to the heavily a , ading
conditions of ice-proximal outwash, although this i3 far from being
the only situation in which braidin occurs (^eopol i, .olraan and
. illor 1964 0.294). ihe existence of ketole holes in .er nsiform
eposits is another example of the value primary ructures can
have on : ignation of terrace fra gent origin.
.,ev rtheless, a lack of any of these primary structures does not
exclude an of the origins with which they are usually associated.
Post-formational modification by flood waters is an important
possible factor in creating terrace fragment form, often removing
primary rou :hness without materially altering the overall gradient,
iloyt and ^angbiin's (1955) book on floods contains examples of the
prolific changes that can be wrought on natural features, such as
terraces, in very atort time intervals wnile Learraonth (1950;
described the effects of the last major flood in the fweed Valley.
Here much gravel was deposited on some low terraces while others
suffered greatly from scouring.
In summary, it is believed that terrace fragments of regular
positive dovmvalley gradient, at lust in the IWeed Valley, are
extremely unlikely to be com osite features. all remnants that
showed marked irregularities in the long profile were re-examined.
Only if two entirely different forms of primary surface roughness
are present can a multivariate origin for any single fragment be




TERRACE FRAGMENT CORRELATION AND INTERPRKTATI. )N
OF CROoO AMD LQNS PROFILES IN THE LITERATURE
A. The Value of Correlation,
Successful correlation of terrace fragments has two major
benefits for historical geomorphologists, The first of these,
already noted, is the higher degree of certainty that can be attached
to the origin of any one fragment when viewed as part of an entire
downvalley sequence, rather than in isolation. Allied to this, but
even more important, is the interpretation of landscape evolution
and see level change it is sometimes possible to make from a complete
terrace sequence,
B, The 'leaning and Techniques of Correlation.
All terraoe fragment and terrasiform deposit correlations known
to the author are on the basis of supposed synohroneity. Correlation
by any rse^ns largely depends on selecting an indicator that changes
regularly in value throughout time and space. Thus a parameter, say
heavy mineral content, which had a hierarchical distribution throughout
apace would be of little value in correlating supposed synchronous
terrasiform deposits. Cross variations between two adjacent fragments
could be due either to age difference or position in relation to the
breaks in the parameter distribution continuum.
An inference common in much of the literature is that the
periods of fluvial terrace formation by, say, aggradation are
se; rated by substantial intervening periods when dissection occurred
and thu the terraces can be looked on as synchronous throu hout their
areal extent. the work of Fahnestock (19&3) and others on the work
of glacial streams emph sises that at least in formerly glaciated
areas, the intervening periods between terrace fragments separated
vertically by up to about ten metres might be very small in
comparison with the variation in time represented by the ggradational
surface. Jhus, strictly, it is more realistic in 3uch areas to
correlate on the basis of »river vortical position1, a loosely time-
based concept, rather than strictly on synchroneity of surfaces
formed over varying but sometimes considerable periods.
numerous means of relative and absolute dating as correlation
indicators have been used in terrace studies apart from height. ihese
include coal ierations of the type of fossil fauna and flora, of the
concentration, variations and stage of decomposition of heavy and light
minerals in and the erratic content of the underlying terrasiform
deposit. fhe presence of buried soil horizons within the sub-3urface
stratigraphy or solifluction deposits on ton of it, aided where
possible by C14 dating of organic remains, is usually of considerable
value i correlative studies. ^tailed examination of particle size
and shape h.us been utilised by Pricart (I96I) and others while partin
(I963) utilised radio ac ivity counts from fluvioglacial ,e o its as
a raoan3 of correlation. Jamkhindikour's (196?) successful use of
differential thermal ..nalysis of the clay minerals in terrasiforra
eposits revealed different types to exist under flood lains and
terraces, there this can be shown to be due mainly to age differences
rather than drainage, topographic or ource area variations, J.f. .
could be u ed to provide another correlation indicator.
All in ic .tors have inherent limitations: their mi use may have
occurred vaite freiuently as it seems lit le concern has been felt
over sampling techniques and, in particular, operator bias leading
to sampling error. ,ith the notable e ce tion of Pricart and his
co-workers, many cienti ts studying large scale spatial variations
in the parame er used is correlation indicator have neglected to
measure the on .11 scale, local variations. If both are of the same
order of magnitude, the indicator is probably an unsuitable one.
C(i) Cross Valley Correlation by Height
herrace fro naents have always been correlated, at least by
height, in an orthogonal sense, across and down valley. Jhree
possible combinations of cross valley h i.ght relationships have been
ostulated, forming paired, unpaired and composite terrace sequences.
Cotton (1940) implied all have been found.
This classification is a convenient simplification, ignoring
the effects of heightin in different places on a terrace fragment's
cross profile, noted in Chapter 3 . For the moment, however, the
term 'paired' will be retained and used to embrace those terrace
remnants whose heights lie .ithin a specified ran e, separated by a
cross va'.ley listance le. s than a certain value. Value.; tor the
ran e and maximal distance will be discussed later. unpaired
erraces are those in which the difference in surface heights exc eds
an acceptable value while composite sequences contain both paired and
unpaired terraces.
go he -a nor • knowl :d ;e, no ii cussi m of the Limits of the
range of heights be a ween aired terraces h..s b aen mb L hed. .11
previ oui correlation have been based on visual inspection, bear', ug
in mind i tuitively sensed limits. although full ii icussion of this
topic must await the evaluation of resul&s athered in his thesis
and set out in a later chapter, the limits bein essentially a
function of v rtical terrace spacing, valley width and slope and
siiate of di section of the fra , lent, it seems possible to make a
provisional limitation at the outset. ihis is that such remnants
can certainly be considered as oaired and therefore nossibly near-
1.
s nchronous if the height variations on either terrace are/greater
than the difference betseen the radian heights of the two flats,
surface height variations due to obvious secondary ero; ional features
are naturally excluded from this definition. J3o corrupt the
erminology of ontefiore and i.illiams (19o4)» this is a sufficient
eas in for calling terraces paired in form, but not a necessary one.
Conversely, to be able to separate two remnants as unpaired terraces,
the minimal requirement is that she vertical height difference
between them should be greater than the'noise* on either surface.
C(ii) Conclusions derived from Cross Valley Congelation
ihe implicalions of ieciding that two fluvial terrace fra ments
are paired, assuming no : iscorrelation has occurred an : taking the
simplest pos ible case are that episodic still-stands of the
vertical component of river erosion and deposition have occurred,
separated by periods of d mouthing. It is possible, however, that
p ired terraces c ml i represent entirely different sequences of
landscape evolution. Plats related primarily to tributary valleys
and su sequently lightly modified by suba rial processes might
1. Local terrace height variations at this scale are considered as
n ise. ^oudon (1967 p.13) discussed the variations in form of a
urface ;ith changes in scale of viewing.
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coincidently fall within the specified hei gilt range. . aired
lacustrine or estuarine terraces indicate there has been no substantial
e ,rth ii .placements in a cross valley direction since the time of
terrace formation, unless the displacement has been such that the
n^1 terrace on one side of a valley now corresponds exactly with the
(n + jj^1 terrace on the other. Other types of paired terraces are
more difficult to interpret and additional evidence, usually
stratigraphic, is often required.
Unpaired fluvial terraces have generally been taken to in licate
continuous or near-continuous downcutting in the area in which they
occur (Challinor 19J52) but it should be noted that episodic still-
stands and intervening down cutting could have occurred but cannot
be proved at that point owing to the destruction of the evidence by
post-formational erosion. vVhere a river has concentrated its action
at one side of a valley it is unrealistic to expect a fully paired
e^uence, even if pulsatory do.racutting occurred. Most diagrams
in standard texts illustrating the formation of terraces grossly
simplify the i sues involved by inser ing the river at a near
symmetrical point. Furthermore, at any one location, several
possible sequences of terrace evolution may exist as represented by
terrace form. Complex theoretical cross valley stratigraphic
sequences un lerlying simple surface morphology have been described by
von .issman (1952), .eopold, ,olman and iller (19&4) and others,
oorae of the possible variation are shown in fi pure 2.1, modified
from Leopold, iolman and ..iller (1964) p.46'J.
jjhe classical explanation of composite profiles is hat this
is a im le mixture of paired and unpaired terraces, representing
terrace formation in periods of episodic still tand and also during
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slow but continuous downcutting by the river.
J(i) Jo n Valley Correlation by Height
Hie down valley correlation of morphological flats and the
interpretation of the resultant long profile is a matter of some
controversy. Ouch correlation of similar stage fragments is essentially
different to normal attempts at cross valley correlation except where
Hu:si-horizontal, say lacustrine, features are involved. iJiis is
oecause the vast majority of terrace fragments are probably fluvial
in origin and thus the essential problem is of correlating two
sloping ;urfaces. down valley correlation of terrace fragments depends
on the original features being formed by aggradation or erosion luring
a stillstand, a time during which all the parameters affecting the
terrace height and gradient remained a proximately constant,or on the
river bein ; very much constricted to the centre of the valley for
considerable downvalley distances as it continues to cut down and also
diminish in volume. In most cases, this correlation is attempted
between two or often many mo?-e sloping fragments and in the past has
almost invariably been carried out by visual inspection.
j?wo elements are c mcemed in the correlation of sin le lines of
hei hts on fra .ments of terraces. Variation in gradient (OB/OA in
fi .aire 2.2) and f or X axis in ercept /hen projected (OB and OA in
figure 2,2) or a combination of both of these must be con idered.
igure 2.2 also illu trat s good and bad fit bet seen two terrace
fr - ants. Haere seems to be no reason why cri eria, empirical at
least, should not be formulated for defining whether two fragments are,
within a certain statistical error, part of the same curve or straight
line. In essence this is what visual in pection has always done,
albei on subjec iv ;rounds.
Limitations of this quantitative panacea are the effects of the
orientation of the plane into which the heights are projected, as this
can markedly affect downvalley gradient: this subject i3 fully
discussed in Chapter 8. A fundamental assumption in this and in
visual inspection-correlation is that terraces, viewed in downvalley
profile, are fairly smooth in form, possessing no marked irregulatities.
It will be shown that this assumption is not always justified and thus
even the more sophisticated techniques available for correlation of
terrace fragments need to be used with caution.
i)(ii) ihe form of fresent River Ihalwegs
As a large percentage of terraces is probably fluvial in origin,
being relict floodplains,and as floodplains are approximately parallel
to the rivers which are responsible for their formation, an examination
of the factors influencing the long profile of a river is a
prerequisite to discussing the implications of reconstructed terrace
long profiles.
since the ublication by Hack in 1957 of his important paper on
longitudinal profiles of streams in Virginia and Maryland, much more
data has become available to aid the analysis of factors responsible
for the forms of river profiles. Leopold, ,folman and Miller (19&4
p.251) believe the primary factors influencing the long profile of a
river channel and thu the water surface (on anything but a very small
scale) are discharge, load divered to the channel, size of debris,
flow resi rtance, velocity, width, depth, slope and base level. .>ome
of these are seraidependent, some are inde indent and the others are
dependent variables; in certain cases, some e.g. river -radiant,
may be con.idere e i-depenient while usually dependent variables,
the evolution of a theoretical form for a river Ion; profile is
exceedingly complex. iecently it has been studied in new ways, with
promising results. .Leopold and Langbein (19&2), by regarding a
river system in terms of its initial >otential energy (due to rain¬
fall) which is converted into the .inetic energy of flowing water uid
dissipated by friction, pointed out a close analogy with the thermo¬
dynamics of systems in a steady state. Using an existing body of
knowledge and assumptions 6f a most probable distribution of
variables, solution:; were derived which could be compared with the
actual hydraulic geometry of rivers.
f all rivers, those in recently glaciated areas are probably
the most difficult to analyse in quantitative terms. Prexuently the
river does not run on rock but in a valley deeply infilled with
material hose grainsize is heterogeneous, related not to the present
stream but to others flowing in very different climatic environments
or is due perhaps to non-fluvial agents. die relative erodibility
of the de 'osits in which the river flows, using the term in a manner
heavily criticised b Ystsu (1966), will ex rcise local control over
the form of the Ion ; profile, leading to convex upward sections as the
river is superimposed onto resistant rock outcrops.
Leopold, .olman and iller (19>4) noted that the vast majority
of river Ion;; profiles are concave upwards but also say "although
much of the di cu sion of the longitudinal profiles of channels
seems to assume that they are smooth curves or composites of smooth
curves, this is rarely so. In addition to bar3, pool, and riffles,
variations in discharge and in lithologic and structural controls
often reduce irregularities of a larger scale" (p.293). ibis is
veil illu trated by ohe work of Yatsu (1955)• Jbus, in a recently
glaciated area, the variations in di char ;e of tributary streams due
to differences in size or rates of melting of glaciers and the
v „riation in position of an ice front from which proglacial deposition
commgncod, associated with the occasional superimposition of the
rivers onto more resistant litholo ;ies suggests that, even without
base level change, it is improbable that stream long profiles in the
course of intermittent downcutting were always parallel with their
predecessor. It is unrealistic, therefore, to expect the terrace
sequence in such an area to consist even largely of smooth parallel or
simply intersecting ellipsoidal fragments, except where marine
influence is dominant,
ihe most frequent explanation of irregularities in a smooth river
lon_; profile is that these are nickpoints ( The ximerican oeological
Institute glossary (1957), quoted by Brush and ,»olman (I960), defined
these as 'points of interruption of a stream profile at the head of
second cycle valleys according to the frepoen concept' while knickpoints
are defined as: 'points of abrupt change in the longitudinal profile
exists^
of stream valleys'), yuch evidence as in hose (1964),that some of
these knickpoints are unstable features and that they eventually
disappear through head-ward retreat or flattening, and may have
terraces associated with them. ouch field evidence is confirmed by
laooratory studies, including that of Lewis (1944) and Brush and
.iolman (i960). Yet it is equally true as Bury (I966) stated, in
using the american genetically defined 'nickpoint' as a non-genetic
tern, that these features can develop in mid-profile, inde endently
of shifts of controllin base level, jeel (I966) and others have
shown that they do not necessarily coincide with obvious lithological
variations.
Lhe concept of grade, of a static equilibrum system which, when
distur el, readjusts through the creation nd eventual uisa pearance
of nickpoints, has suffered many critical attacks, the most recent of
which is by Jury (I966), In concluding his highly critical essay he
said: "because the concept of gride necessarily involves the converse
idea of an ungraded state, it is to be recognised as un erviceable in
_he theoretical analysis of landform generally" (p.231)* .vS
.oodford (1951 p.319) Jointed out in the case of the Middle Rhine,
which has at one point a humped profile over a buried buttress of
bedrock "no available evidence indicates that the equilibrium of the
unregulated Rhine was loss perfect here than in other parts of the
Rhine gruben
It is now generally accepted that vie'wing a river as an open
rather than a closed system (Chorley 19^2) is more valid. Ihus the
term 'dynamic equilibrium' has become popularly used to describe river
systems in a steady state, into which there is a continuous inflow of
materials. Perhaps the most important difference between he two
types is that the open system can regulate to changes in di charge
and load in many more w ys than the closed system; the creation of
nickpoints at a river mouth is not essential in response to changes
in load or base level. The attraction of lack of inlet rminacy in the
closed system as Cotton (1941) enunciated it, which led him to state
"all river terraces are definitely fea.ures of river youth" is no
longer acceptable as it has proved to be a 'noisy model'. Just as
alternative or multi le cuu 3 may be possible for isolated terrace
remnants, che same can be true of whole terraces.
J(iii) Fluvial terrace Ion profiles and 1 n ; tease evolu .i m in the
^ibcrature
Virtually every possible combination of terrace Ion profile
form h .3 been re orbed in the li rature. .iagramaatic summary of
these and representative papers in which they are noted or discussed
i3 given in figure 2.3.
delict fluvial terraces owe their elevation above or depression
below the present stream to three fundamental controls which are
t atonic displacement, dim tic change and the influence of man. die
last control ef fectively creates et cher tectonic or climatic ch.inge in
the building of dams and weirs or the burning of vegetation and
creation of field drains. laboration of the first two controls is
given in Leopold, ,olman and oilier (I964 p.475). Generally, however,
much le o general ana ers to the problem of terrace origin are required
than can be given by this tripartite division.
.uong profile forms ihe most common general explanation of layout A
in fi ure .3 has invoked tectonic activity, leading to a progressive
rise in the headwaters x-egion or alternatively ul ed downcut ing in
the area under consideration and rise of base level outside that area,
A more likely explanation in recently glaciated areas like the xVreed
Valley, as su gested by Jissons (1967a p.117), is that this is
comprised of both ice-proximal outwash aid post-glacial river terraces.
.Layout B is muc 1 le s common in the literature but is a
summar of the results obtained by Airby (1966). hile possibly
due to upwaroing of the downstream section in some areas of the .orld,
the explanation in the case of the dsk Basin (Midlothian) terrace
equence i •• more likely to be found in changes of hy irolo leal
parameters and changes in direction of drainage, leading to mis-
leading projections onto planes s.itable for lator stage foa ures,
jjims in this case it may be more .rent than real.
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ihe third layout, G in fi nre 2.3, appears frequently in the works
of heuner and others working on Western hurope n terraces, although it
has often been based at least in part on inadequate altime trie
evidence (e.g. Kimbal and heuner 1945» oiegert and Weissermel 1911*
quoted in jSauner, 1959 p.84)* 4euner (1959 P«45) explains that under
periglacial conditions, considerable solifluction and frost weatherin
takes lace, leading to an excessive load being supplied to diminished
rivers. hese rivers, usually related to a. lower base level as
world sea level fell in the glacial periods with the abstraction of
water to form ice, rapidly aggraded in the upper regions. In
succeeding Inter- or Post-Glacial times, the same rivers, flowing
through areas with a complete vegetation cover, were supplied with a
much smaller load and were also related to a higher sea level. Jhus
downcut ting in the previously aggraded area occurred while burial of
the lower terraces proceeded simulbaneously.
A number of qualifications need to be made about this long-
accepted and attractively simple scheme. ihe first of these is that
the ready acceptance of all knickpoints as nickpoints, for example
in the interpretation of the 'longitudinal profile of the benches of
the River hames* ( geuner 1959 facing p. 358), itself largely based on
questionable borehole evidence, must be regarded with suspicion in
view of the recent work outlined in the previous section. Further¬
more, the supply and type of debris delivered to the river probably
v ried considerably on a regional, local and temporal basis.
Gagv.'ijn (1963 p.184) critised what he described as 'the erroneous
belief that Glacials are characterised by coarse clastic sediments,
presumably laid iov/n by braided rivers, whe eas inter-ilaci. Is are
marked by edimentation of fine sand and clay in meandering river
ys terns". In the Netherlands this situation, although present, is far
from ubiquitous. Only no?/ are local sea levels at various stages in
the last 20, >00 years being accurately worked out (Oissons 1966,
Jelgersma 1956) and thus a check provided on the accuracy of at least
some of 2e user's correlations of terraces and sea levels.
the easiest and therefore most widely used terrace sequence for
deducing past sea levels is J in figure 2.3* Such a sequence is
conventionally taken to be due entirely to eu Latic effects and
numerous estimations (e.g. by Jills 1933) of contemporaneous sea level
have been made 7/here terrace gradients we re believed or shown to be
small. jfce growth of curve fitting to terrace long profiles, a
technique first used by fylor (1875) and popularised by Jones (1924)
and green (1936), in order to ascertain previous sea levels
quantitatively, is now recognised to be fraught with hazards (Austin
Miller 1939» Kidson 1962, Peel 1967)• Although at first sight
particularly suitable for eustatic terraces, m^py possible curves can
be fitted to any set of data which, /hen projected, give considerable
variations in the height at which the curve is symtotic to a line
parallel to the X axis. Furthermore, the method relies on the
assumption that the river was in a *graded state' at the time of
formation of the terraces. Use of the technique should be limited
to those cases where paired terraces can be shown to exist.
Ihe terrace layout g, often shown s the upstream segment of D,
is also one in which curve fitting has frequently been employed to
ascertain past sea levels. In many ways this is the most popular
preconception of what terrace sequences are like in uol md areas of
Britain, to udge by th frequency of its occurrence in the
literature. It is interpreted as showing terraces related to hi -her
:ea levels and becoming relic features by the headward movement of
several nickpoints. .-.part from an often regrettable lack of
accuracy in the basic data, .auch conclusions rest upon the usually
unjustified assumption that the knickpoints in the profile are also
nickpoints. she layout F in figure 2.3 bas been sug;ested by Frye
and Leonard (1954) as a viable alternative to E where field work has
not been careful enough to prove the issue one way or another.
that such detailed work as that of Smith (1965) who, in attempting
to correlate terraces and raised beaches in Fife, had little success,
emphasises the care that must be taken in formulating conclusions on
past sea levels based on fluvioglacial terraces, thus the results of
de ^aiau.he (1910), Deperet (1918), wills (1938) and Leuier ^ 1°59) among
others, in so far as they are based on terrace long profiles must be
viewed with reserve. In many such cases there is no indication of
the location of the shoreline, a further factor leading to likely
inaccuracies.
Originally inclined surfaces are much more difficult to use as
indicators of te tonic displacements than those which vere ori ginally
near-horizontal, such as raised beaches. despite this, terraces
have been used in parts of he world as indie tors of local warping or
faulting. Papers by utnam (1942), Coleman (195 ) and Juen (1.966)
provide examples vhsre earth movements are claimed to e shown by the
terrace sequence and several recent Japanese studies have thus used
terraces. die situations are illustrated diagramatioally in J and
H in figure 2.3.
It is manifest that far reaching conclusions have been derived
from torrace sequences built up on correlationof- sup osed synchronous
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fragments. In the light of correlation difficulties and others of
ensuring the selection of representative values for the parameter
investigated (Chanter 3)» most conclusions on landscare evolution
resting solely upon altimetric data can only he accepted with caution.
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CHAPTER 5
FibLP SURVEY ISCiflMas ASP ASS ,CIATEJ PROBLEMS
A, 'Tap-pin/? the Terrace Fragments.
Initial manning of the terrace fragments and associated landforms
was attempted on vertical aerial photographs at a scale of 1/10,000.
Even when using a stereoscope, considerable difficulties were
encountered in distinguishing between scarps of low level, low altitude
terraces and channels on the floodplains. The method was therefore
abandoned in favour of field mapping of terraces and associated fluvio-
glacial features although it proved useful in a reoonnaisanoe role.
Transfer of these features to maps was carried out using a 'Sketchmaster'
and was particularly easy due to the high degree of control afforded by
the numerous field boundaries and other man-made elements of the land¬
scape.
Field mapping to delineate the extent and, where possible, the
nature of the terrace fragments and all associated landforms was carried
out by systematically walking over sections of one kilometre squares
adjacent to the river, presenting the results on a scale of 1/10,560
and reoording exposures (and information provided by inhabitants)in field
notebooks. Fragment numbering commenced at the river source, left bank
fragments being assigned even and right bank the odd numbers, all being
prefixed by the letter F. The symbols used in mapping were simple
developments of those used by Hare (1947) and Sissons (1958) for
terraces and fluvioglaoial features respectively. While the 100 mile
(160 kilometres) length of the river Tweed was covered in this way, the
width of the area mapped varied between 2 and 7 kilometres according to
valley form. An Abney level was found to be useful in providing a first
approximation of the nature of the down and cross valley profiles of the
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terrace fragments*
It was apparent from the outset that manning on the six inch scale
was essential if all the features were to be accurately re resented in
position and extent. Field mapping on the 1/25*000 scale, as utilised
by Coleman (1950) lowers (1962), Straw (1966) and many others is suit¬
able only where 'representational' rather than 'true scale* mapping is
involved (in reconnaisance work) or where the terrace surfaces can be
seen in the field to be continuous for several miles and separated by
a considerable vertical amplitude.
The use of a scale larger than 1/10,560 was deemed unnecessary
for the purpose of this study? terraces have been mapped on larger
scales by some workers (e.g. Machida (I960) mapped on 1/5,000 scale)
but usually at points selected because of their special interest, not
continuously from source to termination of the river. Flats smaller
than about 50 yards long rarely have any great significance because
post-depositional erosion has greatly influenced their present forms
as one tenth of an inch on the 1/10,560 scale represents a distance
on the ground of eighty eight feet, it is clear that for the accurate
representation of significant terrace surfaces, this scale is quite
adequate.
B. Meighting the Terrace Fragments.
In attempting to correlate synchronous terrace fragments or
deduce their origin, both absolute height and gradient in two direct¬
ions of the terrace are minimal requirements. Having thus defined the
surface geometry, certain tests of significance of theso values must
be made before they can be used in any analysis. Such tests include
examination of the errors obtained in mapping and measurement, along
with a consideration of the degree of surface dissection, relations
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to higher and lower terraces and relationship between stratigraphy and
morphology, where sufficient data are available. A substantial percent
-age of the voluminous literature on terraces does not consider such
fundamental principles. As typical examples one may cite Coleman (1950),
who did not state at what points on the Salzach terraces her heights
were obtained,while Clayton (1953&) omitted not only the location of
the heights but also the means of obtaining them.
The widespread applicability of conclusions on suitable techniques
of heighiing terraces will be limited by varying local conditions! if
terraces are seoarated by vertical intervals of perhaps three hundred
feet, less sophisticated survey techniques can be employed than in an
area like the Tweed Valley where crossing terraces occur and few
fragments are more than one hundred feet above the river. Accenting
this, it is still possible to usefully consider the problems associated
with heighting terraces under four broad headings!
(i) Location of the heights on the terrace surface
An important principle of any measurement of the shaae or size
of several like objects is that the values should be comparable in
being selected from identical locations on each object, in this case
on terrace fragments.
Weighting on anything but a grid or in a genuinely random manner
implies some belief in the soecial significance of the points chosen
and also that these locations can be identified on all fragments of
terraces. Unhappily, there is as yet no agreement on significant and
easily locatable locations on terrace surfaces such as is found in the
literature on raised marine flats (e.g. Austin liller 1939, Sissons
19670) but there have been several suggested solutions. Thus, Davis
(1909) put forward the hypothesis that the only significant height on
any terrace surface was along the junction of the backing scarp and
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the flat itself. Others (e.g. Sealy and Sealy 1956, Thomas 1961) have
implicitly concurred in this but cautiously heighted both the back and
the front of terrace fragments.
Frequently, however, in the Tweed Valley at least,the back of the
flat, be it flood plain or relict feature, is marked by the line of a
channel, utilised on the lower terraces in time of flood. There is
little point in heighting along an irregularly infilled channel when
the adjacent terrace surface is usually much less irregular. Older
terraces, particularly those formed in other ice-marginal areas and
times, are frequently reported to have slopwash or solifluction deposits
obscuring the break of slope at the back of the flat, tfhile this is
rarely a problem in the thesis area, it provides a further general
limitation to this means of characterising the terrace. In any case,
there is no firm evidence that this break of slope is always a genetically
significant feature.
These difficulties associated with heighting of the rear of any
terrace remove from consideration the only readily recognisable 'line
of significanoe* . Perhaps this is fortuitous as there are several
theoretical possibilities that could never be picked out employing
solely a single line of heights e.g. slow continuous downcutting of
a stream in whioh the meanders were slowly shifting downstream but not
laterally, would cause this line along the back of the terrace to be
diachronous; the apparent gradient of such a terrace could well appear
to be indicative of ice-proximal glacial outwash rather than of a
moderate slope uni-channel stream.
The front of a terrace, unless it is the floodplain, owes its form
and location almost entirely to post-depositional erosion. Heighting
along the rim can only be accepted as representative of the downvalley
gradient (and therefore be strictly comparable with other terraces) if
the cross valloy gradient is zero and a suitable projection line is
employed. If, as in the case of the Tweed Valley, many terraces are
higher at the front than the back (see fig. 5«1) or if the opposite
is true (e.g. Hachida I960) then grave dangers exist of obtaining a
component of the true downvalley gradient. In cases such as that
detailed by "ackin (1937) where slopewesh now covers the original
terrace, resulting in a gradual cross vallev descent towards the river,
the only soot at which the original form ean be heighted is at the
eroded frontal scarp. Thus the buried surface must be assumed hori¬
zontal in cross-profile, except where it is possible to show otherwise
in stream-cut sections.
A variation introduced by dare (1947) was the Weighting of surfaces
by making cross-profiles of the terrace at quarter mile intervals, then
plotting maximal and minimal values onto a projection plane, A smooth
curve was then plotted through the series of twin heights to represent
the terrace .gradient, /hile the method is simple in practice where
surface gradients are small, the smoothed mean is frequently likely to
be lower than the correct value owing to secondary erosion of the flat.
A more reliable method might be to plot the medial value of each cross-
profile of heights.
A considerable improvement in accuracy, sophistication and useful-
nesa of results can be afforded by occasionally traversing at right
angles to the main downstream or down valley traverse line (e.g. SLrby
1966). iith such data it is possible to calculate the true maximal dip
vector of all the surfaces, which will trend downstream, towards or
away from the river depending on the cross valley gradient ana thus
anomalous features will be isolated. As little variation in cross
valley gradient takes place, traversing in two directions at right
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angles approximately fixes the terrace in three dimensions#
The f.lood plain features in the Tweed valley were heighted in
this manner by traversing along the rim and across the widest stretches.
This was done initially to ascertain if the expected close relationship
between river level and floodplain rim level emerged. Some of these
supposed present-day features were also heighted down their centre and
down the rear break of slope, to compare the various results. In the
case of older terraces whioh were relatively narrow, little choice in
the orientation of lines of heights was available; a line down their
length plus short cross traverses where broad enough to justify this
were used to locate the flat in three dimensional space. In the few
instances where extensive old terraces do occur a variety of height
layouts was employeds using suitable projection planes, either down¬
stream or downvaliey gradients could be obtained. The ratio of
downstream to downvalley gradient is a function of the sinuosity of
the stream which laid down the sediments whose surface expression
is the terrace fragment; unless it is assumed that the streams
responsible for relict terrace and present day floodplain had the
same sinuosity index (see fig. 3.2) it is not possible to compare
directly terrace gradients on a downstream basis. In addition, the
problems associated with the formation by braided streams of at least
some of the older features are sufficient to completely negate the
possibility of downstream comparisons (see Chapter 2).
The variety of height layouts used in this study is justifiable
a3 3
a). Levees (and other primary features) and thus cross valley
gradients, are small: in no case did the maximal cross valley difference
in relief on a terrace, except where very obviously due to post-
foraational erosion, exceed 5 feet in this area. This naturally
precludes the possibility of separating terraces of a similar gradient
but different age within the maximal original local height difference
on any simple non-areal comparison but, as in most cases the relief
variations are smaller than 5 feet, the height layout pattern is not,
so far as this factor is concerned, of great significance.
The range of relief on floodplains is variables Fisk (1944, 1947)
reported l9vees of up to 15 feet high adjacent to some sections of the
Mississippi and St. Clair (1937) contended that these may exceed 25
feet in certain circumstances. Fenneman (1906), dolman and Iieopold (1957)
and many others have drawn attention to streams entirely lacking levees,
often having little relief. Hjulstrom (1952) quoted cross valley varia¬
tions in height on what he believed to be present-day Icelandic sandurs
of up to 3 metres in a kilometre wide valley and this was confirmed by
Xrigstrom (1962)
b) The distortions due to heighting in different locations are,
in this study, small compared with those engendered by the projection
effects (see Chapter 8)
c) A test program involving the fitting of trend surfaces to a
terrace fragment (F 5^5) heighted in the normal way i.e. round the rim
usually the highest part plus cross profiles, compared favourably with
one fitted to gridded heights on the same feature. This shows that it
is possible in some instances at least to derive heights of the accuracy
required for any point on a flat, from simple but accurate traverses
(see Chapter 11)
(ii) The theoretical variations in possible frequency and density of
non-oo-linenr height coverage of terraces.
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Only three heights, together with their respective X and Y
Cartesian coordinates, are required to establish the position of any
laminar surface in space. Terrace fragments are in many cases close
approximations to such laminar surfaces but generally require rather
more numerous surface coordinates for reasonable definition. The
following factors govern the theoretical frequency and density of
point coverage required (the difference between frequency and density
is illustrated by figures 3*3 A, B and C which show equal density but
widely varying frequency of surface heights)?
a). Vertical interval between terraces. Other factors being
constant, the greater the vertical distance apart of the terraces,
the fewer the heights that will be needed to distinguish between any
two.
b)« Gradient of terraces. It is frequently more important to
ascertain whether a surface is horizontal or, say, sloping at 3 feet
per mile than it is to quantitatively distinguish between two surfaces
sloping at perhaps 74 and 79 feet per mile. Therefore a greater density
of surface heights will generally be required when surfaoe gradients are
low rather than high. Likewise, in the case of crossing terraces, the
greater the difference in surface gradients, the fewer the measurements
needed to separate them.
c). State of surface dissection. Where terraces are continuous for
severs! miles and largely unsoarred by scour routes and other surface
channels, few heights are needed on the surface if it is knownnot to be
a composite feature. If however, the variations in stratigraphy common
in crossing terraces are not exposed, then a higher density of surface
heights will be required, other things being equal, to distinguish the
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differing gradients than would be suspected from casual examination.
d). Original terrace morphology. An undisturbed horizontal cross
valley profile of a terrace can be exactly represented by one point,
rather than the two or more required for originally inclined or complex
surfaces. In the case of the older terraces, post-depositional erosion
has greatly altered the original form such that with increasing dissect
-ion, increasing height density i3 usually required (see sub-section C
above). In other cases, however, particularly where relatively recent
relict features are ooncerned, post- dexsositional modifications have
resulted in obliteration of the original swales and bars, leading to a
smoother and thus more easily defined if less significant surface.
e). Type of terrace. Certain terrace types are unlikely ever to
have been continuous for more than a few hundred yards even when originally
formed. Such terraces include high level kame terraces and terraces
resulting from dissection or slumming of some types of subglaoial sediment
-ation including ice tunnel deposits formed against a moderate to steep
slope, //here field evidence suggests this is the case and the terrace
is worth heighting,the height frequency then deoends upon:
f). uraose of heirrhting. In theory, where the origin of the feature
is already known e.g. where outwash is clearly related to moraines, and
it is necessary to establish a chronology and cross valley correlation,
there is every justification for continuous down-terrace heighting. Where
only the origin of the surface is required, grouped or clustered height
layouts could be used, perhaps at down valley intervals of a mile or
more, depending on the continuity and size of the terraces. Such an
individual layout would have to cover an area greater than the threshold
over which the regional terrace trends become more important than local
surface variations in altitude,
g). Amount of time available in relation to the methods employed.
Given that a certain finite time is available for surveying a specified
number of features, the number and distribution of heights possible
will be limited by the survey method employed. The distance the height
will have to be •carried' from the nearest datum point will also limit
the amount and layout of data pertaining to the terrace itself,
(iii) The height layout patterns employed.
The combination of all the above factors dictated the use of
distributions 1) and 2) from the number of possibilities illustrated
in figure 3*4- Various combinations of these layouts are possible
e.g. stratified random sampling. While it was intended to use 1)
throughout, it soon became clear that the varying interval linear
distribution 2) was occurring owing to variations in surface texture,
firmness and relief over which the heights were collected (see section
on levelling). This has the theoretically important advantage that
any cyclic variation in terrace height of a wavelength similar to the
interval between two consecutive heights which are part of distribution
1), or a multiple of that distance, cannot slip through the 'height
mesh* - the same argument would suggest that either randomly distributed
or olustered data would be more suitable height layouts than the grid
form but at least the former is much more difficult to set out (Greig-
Smith 1964 p.24).
The interval between consecutive heights was made 60 to 70 paces
on long terrace fragments and 50 on short or greatly dissected flats.
It was felt that this was a reasonable compromise bearing in mind all
the variables listed. The method of heighting employed (see next
section on methods) wns such that heighting at 50 pace intervals took
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little longer than heightin# at intervals of up to 2 or 300 yards.
On the other hand, the increase in accuracy of representation of the
terrace slope and altitude will tend to fall off markedly after e certain
height frequency or total number of heights is attained on any one
flat. Thus there is no point in heightin# either closer than this
critical distance or obtaining more than the critical number of heights.
.'Jhile in the individual case these will probably be functions of the
nature of the surface, experiments were conducted to obtain mean
values for them when distribution 1) was employed. The results of
these tests are discussed in Chapter 9, the raw data being set out in
appendix 2. In general, however, there is every reason to believe
that the heighting interval employed is a suitable one.
The Grouped layout of data (distribution 3) in figure 3.4) has
attractions in offering ease and quickness of layout yet permits quite
sophisticated analysis e.g. derivation of the gradient vectors for
each ring, for all ring centre points and also ring combinations. It
was not employed as, although suitable for characterising single
surfaces, it would not identify the junction of two crossing terraces
precisely enough unless carried out at intervals of perhaps 200 yards
or less. Thus the considerable advantage of quickness of layout
would be lost.
Concern has long been felt on the effects data distribution can
have on conclusions. Squally, the proliferation of statistical tech¬
niques in certain fields, such as the fitting of trend surfaces by
Fourier Series rather than by the more usual orthogonal polynomials
(e.g. James 1966) can be seen as a response to the inherent filter
effect of any one data analysis system in its use when studying any
one set of data. It was not found possible to develop a Fourier
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Series-based trend surface urogram in the available time to test the
effects of the data analysis system but, as already noted, the effeots
of different data distributions on terrace fragments were tested by
quantitatively comoaring trend surfaces fitted to random, clustered
and gridded height layouts* The details of the techniques employed
are set out in Chapter 11 while the raw data are tabulated in appendix
1(b)» figure 3.5 illustrates the different point distributions employed.
ilfhile the details of the techniques are irrelevant here, it is
appropriate to consider the height layouts. In those cases where
gridded data were obtained from terrace surfaces, considerable care
was expended in ensuring that a constant grid size of 50 yards was
obtained and also that the grids on remnants on both sides of the river
'meshed1 together exactly to avoid any possible complications in the
statistical comparisons. The grids were set out by the 'straight line
and offsets' method, the orientation of the original base line being
chosen to maximise the areal cover possible on the largest terrace
fragment and thus avoid recourse, where possible, to setting up parallel
secondary base lines.
C'norley and ffeggett (1965) suggested that a triangular grid net¬
work offered the advantage of complete freedom from contour plotting
ambiguities. Suoh a layout is slightly more difficult to set out in
the field but, if the indeterminacy problem should orove to be signif¬
icant, techniques exist to convert rectangular grid height distributions
into the triangular or other forms. These are discussed in Nordbeck
(1964), Ojakan.-as and Basham (1964) while Cole, Jordan and Merriam
of
(lyb?) were necessarily involved with the related problems automated
contour interpolation.
The coordinates for the random distribution of heights were chosen
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by adding to 69 and 55^ pairs of random digits chosen in the manner
suggested from Anon (1955) to give eastings and northings correct to
10 metres on the ground. All of those which fell outside the terrace
limits as manned were excluded and the process continued until 90
terrace surface locations were generated in this 1 kilometre square
centred on 6950 5350. The data for the clustered distribution were
obtained by adding some gridded heights to those colleoted along the
rim on the fixed interval linear height layout system.
iv> Jethoda of heighting
Suitable surveying methods will vary with local circumstance and
the accuracy required! in the complex situations that may occur in
recently glacierised areas it is always best to err on the side of
unnecessarily great rather than insufficient accuracy. Whatever the
method used, it should be capable of consistent and checkable results:
it is of little value having an instrument which will give results
correct to - 2 feet on f0 percent of the occasions used if the other
30 percent of the time errors are as large as, say, - 8 feet.
a) Satimating heights. The simplest of all methods of obtaining
heights for specified locations is by estimation with reference to some
nearby datura level, frequently of indifferent accuracy. Thus Kills
(1924)$ Toralinson (1925), Rice (1957) and many others have estimated
terrace heights from nearby contours (most of which are interpolated)
and spot levels.
1j the National Grid easting and northing of the southwest corner of
the 1 kilometre square in which lies the section of F 585 covered with
different data distributions.
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The likely errors involved in the method are difficult to quantify
due, as they are, entirely to individual judgment and local circumstance,
but it seems reasonable that anything up to - 10 feet might be expected
where height control is good and up to - 25 feet (or perhaps more) where
datum level is far removed from the terrace or is itself inaccurate.
What is even more important in such circumstances is that although the
'absolute' height at any one point may be estimated correctly, the chances
of repeating this accuracy initially diminish with increasing number of
heights taken on the same terrace. Thus in some cases there will be a
decrease in accuracy of gradient representation with increasing number
of spot heights until a certain threshold is reached where the number of
heights on any one surface rises above a critical figure. It is extremely
difficult in making subjective assessments of this kind to avoid being
influenced by previous judgements: thus it is quite likely that if the
first height is wrongly estimated, all the rest will be in error. Clear¬
ly therefore, either gradient or height of terraces or both are likely
to be considerably and ubiquitously in error with this technique and it
should be avoided whenever possible.
b) leasurement by use of the hand level. Next to estimation, the
simplest method of heighting involves hand instruments such as the Abney
level, usually used without a levelling staff (e.g. Bryan and Ray 1940,
ilare 1947)• The method used by Synge and Stephens (1966) is typical
of the manner in which the instrument is frequently employed. Keeping
the sights horizontal, any object on the same horizontal plane as the
observer's eye is located on the slope leading up to the raised beach
or terrace flat. The observer then moves to the object and repeats
the operation until reaching the top of the slopej the height of the
terrace rim is then a multiple of the observer's eye height plus a
J?/
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fraction of the same above the datum level.
If the quoted maximal errors of 8 inches in 130 feet of vertical
traversing (Synge and Stephens 1966 p.105) could he accented, there
would be little point in using any other method but serious doubts
must be attached to this technique for the accurate definition of heights.
In the first place, the answers are not checkable by 'closing' any
traverse except by continuing to a higher datum level. It is virtually
impossible to traverse downhill with this particular method and thus
the only check is by repeated uphill traverses, while it is impossible
to survey any feature from a higher datura level. Even repeated 'one
way* checks are not satisfactory as in the most objective observer a
subliminal element must be expected which will tend to alter the exact
location of the cross wires to provide the same answer as on the preced¬
ing traverse. Usual errors are much greater than quoted and may amount
on occasions to as muoh as - 15 feet in one hundred feet vertically.
Even greater errors are possible where the instrument is used to take
inclined readings.
As with estimated heights, the terrace gradient may be very
considerably in error if deduced from only a few heights, some of which
are too great and the others too small. A difference of two feet at
one end of a small terrace fragment may double or even reverse the
gradient, depending on the figures, ./hile it is possible to use this
instrument to an acceptible degree of accuracy when in conjunction with
a levelling staff, the advantages of single-man working and rapidity of
traversing are lost, without gaining the greater degree of reliability
inherent in traverses carried out with an accurate level,
c) Measurement by use of the aneroid barometer or altimeter. Height-
ing terraces by aneroid barometer or altimeter has strong advocates? Sparks,
for example (Sparks 1953, Hamilton, Biddle and Sparks 1957), considers
that there is no point in measuring to one foot accuracy or less#
Thus, he says, the aneriod is the ideal instrument provided suitable
precautions are taken: this statement is based on confusion of
instrument sensitivity and accuracy# The likely error is quoted as
♦
within - 5 feet of the correct value - a figure which immediately
invalidates use of the instrument so far as terrace gradient measure¬
ments are concerned unless very large numbers of heights are taken#
Muoh of the early work on terraces carried out with aneroids
clearly suffered from the defects of instruments of the period# The
pioneer Milne Home listed, in his 1875 paper on the River Tweed and
its environs, numerous terraces in terms of height above the river
and also above mean sea level. Most of these heights were obtained
using an aneroid but on some occasions this was oheoked by levelling.
Subtraction of the two heights he gave for eaoh terrace provided the
raw data for figure 3.6, a graph of river surface altitude against
distance , Neglecting the heighting of the water surface (and terraces
in relation to it) in the tidal area which extends 5 miles upstream
from the river mouth, the aneroid results show errors ranging from
zero to 16 feet and generally do not compare well with the levelled
profile.
A recent instance of the unsuiiabillty of the aneroid barometer
for the separation of terraoe features commonly found in Northern
Britain is given by Sissons (1967a). He compared heights of two
raised shorelines obtained from altimeter traverses with accurate
levelled heights (p.16") i on the basis of trie barometric work it was
impossible to separate the two flats but both were quite distinct on
the levelled profiles, some 9 feet apart. It should be noted, however,
54
that where^as 34 levelled heights are illustrated, only 12 obtained
with the altimeter are shown - thus the results are in part due to
different data densities.
To test this latter point and evaluate the suitability of the
altimeter for heighting terraces in recently glacierised areas, a
comparison of levelled and barometric heights taken at similar inter¬
vals was made on several terraces in the Springhall district of
Berwickshire, as illustrated in figure 3*7« In the case of the long
terrace fragments, numbers 630 and 632, the statistical treatment of
the results (which assumes a linear long profile for the terraces over
a short distance) showed that substantial differences in 'absolute'
height as obtained by aneroid and by accurate levelling occurred. In
the case of the results pertaining to P 632, a statistically significant
difference in terrace gradient was obtained by the use of the two
methods. (The raw data is set out in anoendix 1(d) while the regression
lines and correlation coefficients were calculated as described in
Chanter 9)* The two small fragments, F626 and 634 are inseparable on
the basis of barometric readings and considerable variations exist in
the values obtained. Every oare was taken to ensure that the conditions
stinulated by Sparks (1953) were observed: all traverses were shorter
than one hour in duration and were closed on the original datum, an
Ordnance Survey bench mark known to be reliable from other work. The
difference between the original and final readings at the bench mark
was distributed throughtout traverse on a time basis. The instrument
used was a paulin altimeter, model 'Palbo'. The air temperature
throughout remained at about 9 degrees Centigrade while the wind speed
did not exceed 5 ra.p.h. (3 k.p.h.) and a complete cover of stratus
cloud existed. Other relevant details are recorded on the graph.
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Dissatisfaction with the aneroid was also expressed by R.J. Price
(pers. comm.). In studying the glacial deposits associated with the
raeltwater systems in the upoer 'Pweed Valley (Price 1961), he heighted
all the terrace flats, taking care to observe all the essential safe¬
guards for accurate working. Despite this, the results were quite
unintelligible in an area varying considerably in its degree of complex
-ity of recent geomorphic evolution.
Disenchantment with the results obtained by Frenoh workers using
aneroid barometers to height terraces led Bourdier (1959 p« 24) to
comment» "...oomme le disait plaisamment Maurice Gignoux, il suffisait
d'avoir un altimetre fixe au guidon de aa bicyolette pour devenir un
specialiste dans un des domaines les plus diffieiles de la geologie,"
An important restriction to the use of the aneroid is provided by
the weather. Sparks (1953) suggested limiting altimetric surveying to
times when:
1) stable anticyclonic conditions prevail, or
2) when a large continuous rise or fall of presure, not associated
with the passage of a front, is occurring.
Such conditions are relatively rare in Northern Britain especially when
the maximal wind speed should not exceed. 12 m.p.h. while traversing is
carried out.
Numerous other restrictions to surveying exist. If not observed,
the effects combine with datum and observational errors and instrumental
factors to insure that, although the modern aneroid may have a sensitivity
equivalent to a one foot change in elevation, the accuracy in the field
is variable and usually considerably short of this figure, A full
treatment of surveying techniques and possible errors is given in
various publications e.g. O'Connor (1957 and 1950)» Hamilton, Biddle
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and Sparks (1957) and Crone (1961),
Thus it seems reasonable to conclude that only in suitable weather
conditions and when studying terraces which are (Johnson 1944 p. 799)
clearly developed, only a few features existing, and separated by scores
or hundreds of feet is the aneroid a suitable surveying instrument. As
Johnson also stated, it is essential that the traverse takes little time
and that checking by stationary instrument at a control point is possible.
In complex areas, sufficiently accurate answers are sometimes available
but not with sufficient frequency to justify its use. The most that
can be said in favour of the aneroid barometer is that its use in terrace
studies need involve only one person and that it is more rapid than
using an accurate level over the same number of points. The requirement
of a higher density of heighting than with the optical alternatives
greatly reduces the second advantage.
d) 'easurement by photogrammetric methods. Photogrammetric
techniques for heighting have considerable advantages over field survey,
providing certain conditions are met. The first requirement is good
quality vertical photography, allied with the services of a skilled
photogrammetrist. Heighting gently inclined surfaces such as terraces,
many of which slope at only one or two feet per mile in the lower
reaches of river valleys, provides accuracy problems only soluble on
a second order plotter even assuming the ohoto rraphs and worker are
of the desired standard.
The advantages of the technique lie in the diminution of field
work necessary, although total time required may indeed be increased.
Once a good height control network is set up, vast amounts of data
can be extracted on any height layout system required.
The non-existence of suitable aerial photographs and manipulative
skills combined with the lack of * high enough order plotter in the
locality precluded heighting on this basis in the Tweed Valley. It
is clear, however, that at least in other more remote areas suffering
markedly from vagaries of climate, the use of pbotogrammetry would
be extremely sensible.
e) heasurment using surveyor's level and staff. It has already
been pointed out that in the Tweed valley as a whole it is impossible
to separate terraces of similar gradient that are closer than five
feet apart vertically, using simple non-areal analysis. The justifi¬
cations for widespread use of a technique more accurate than this are
threefold:
1) This limit to simple correlation can only be established by
accurate measurement of maximal difference between heights at the fronts
and backs of terraces and those between the altitudinal extremities of
primary ridges and depressions making up the terrace.
2) Gradient measurements are important and frequently involve much
smaller figures than five feet.
3) It is important to know accurately If two terraces are separated
by more or less than five feet and thus if they can or can not be
distinguished as representing different stages.
Apart from the work of 'eel (1941)» RLrby (1966) and occasional
use by others, usually as a check on results derived from less accurate
techniques (e.g. lilne Home 1S75) or in accurately locating bores for
stratigraphic purposes (e.g. Shotton 1953)» the accurate level seems
to have been a neglected tool in terrace studies, in the Sag]iah-speak¬
ing world at least. This is despite its suggested use by, among others,
Stevenson (1196). A terrace, apparently horizontal in long profile, in
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the .Vhiteadder valley caused him to remark on the necessity of using
a level to ascertain if this was, as it appeared, to he lacustrine in
origin.
Until recently this has possibly been due in part to the apparently
monotonous and laborious nature of the workj as Peel (1966) has
commented, such fieldwork is far from monotonous and the advent of the
automatic level, in which fine adjustment in the vertical plane is
continuously effected by a nair of pivoted prisms or a similar device,
has done much to reduce the time needed for any traverse involving
many intermediate sights. Levelling permits a check on the total error
in a traverse of forward and backward sights by 'closing* on the origin
~al or a second reliable datura level.
IJs© of the level and errors associated with it are adequately
covered in the standard textss to those possible errors given in Anon
(1965 p.159) viz. those connected with the instrument, those due to
the staves, those due to atmospheric refraction and those due to an
alteration in the height of the supports for the staves between the
forward and back readings to a staff, must be added misalignment of
the prisms due to shock suffered by the automatic level. This was
guarded against by repeated checking (on most field days) by the
standard test, carrying out adjustment when necessary.
The considerable advantages of this type of instrument resulted
in its use for a large proportion of this study. Although in most
cases needlessly accurate (Anon 1965 p.154 gives a figure of 0.01
feet per mile probable error for tertiary levelling) the use of un¬
skilled assistants as staff holders and traversing over fields, often
ploughed, increased this figure so that the maximal closing error
was annroximately 0.5 feet, while the usual error varied betweem 0.1
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and 0.2 feet. Errors were distributed throughout traverses on the basis
of the number of instrument stations and the heights then rounded off
to the nearest one place of decimals e.g. 100.4 feet. In this way,
t >
between 60 and 100 levels per day on terraces were accomplished at the
177
frequency stated earlier. It wa3 found possible to gather heights on
a rectangular grid form over terrace fragment number 535 in one long
field-day. All of this work was carried out in a variety of weathers,
only extremes of snow, rain or wind rendering heighting impossible,
in marked contrast to the susceptibility of the aneroid to such adverse
conditions. Two instruments were used, the Ililger and Watts Autoset
marks I and II,
The problem of locating the spot levels to within the plotting
error on the 'six inch* map was simplified by the large amount of
control available in the Tweed valley in the form of walls, fences,
houses, streams, roads, oopses, etc. Whenever these were passed
appropriate notes were made in the levelling notebooks. Reproducibility
tests showed that the same locations could be picked up by an independ¬
ent observer familiar with ten metre grid references: all heights were
identified in this way (see appendix I), In areas without such overall
locations! control, it would be necessary to take readings of angles
between adjacent sights and distance to each staff position, calculated
from use of the stadia intercept and thus involving more office and
field work.
'Jse of tacheometric methods. The level is ideal for cases
where locational control is good and variations in height are small,
a frequent situation on terrace fragments. /here the datura level is
far removed from the terrace in a vertical sense, the use of iacheometry
for heighting has obvious attractions.
Certain parts of the Tweod Valley fulfill these conditions and
a iiern DKM 1 theodolite was used to height 6 terrace fragments
employing the vertical staff system e.g. for P 364, This involved
measuring vertical angles and 3 stadia interceots, in place of the
single intercept used in simple levelling. Further time-consuming
factors involved are the constant readjustment of the 'horizontality'
of the instrument (i.e. it is not automatic) and the many more
tedious calculations that have to be made to arrive at the height
values. Positioning in plan was carried out by the same means as
when levelling. The expectable errors associated with the method con
be expressed as 0.01 L for single rays, where L is the length of the
ray in feet and vertical angles less than 15 de orees are observed.
A short description of the techniques and errors involved is given
in Anon. (1965 pp. 107 - 92). In no cose did the closing error of
the few short traverses carried out exceed 0.5 feet and most were of
the order of 0.2 feet. Appropriate redistribution of the closing
errors was carried out.
g) Futiire trends in terrace heighting. Experience gained at a
late stage in the field work with taoheometry suggests that a good
case exists for the use on a wider scale of self-reducing taoheoraeters,
particularly where datum points are aliitudinally distant from the
terrace fragments.
A completely different surveying instrument is shortly to be
manufactured which could radically change the methods of terrace
heighting. "leilson's Continuous Slope rofile Delineator produces
a continuous graphical output of surface height similar in accuracy
to taoheoaetric methods ->nd very much quicker. The instrument is
pushed, wheelbarrow fashion, between points with known coordinates
and the variations in height are automatically recorded on graph
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paper by a pen connected to a damped pendulum. The use of this
instrument, claimed to have an error of 1/500 in a vertical sense
under the worst conditions, could enable complete grid or random
traverse coverage of all terrace fragments in a valley to be
accomplished in an acceptable time where few fences or ditches exist.
v). The Choloe of Datum Levels.
All heights in a given system must be related to a common datum
level to be comparable with one another. Several possible datum levels
exist, most of which are ultimately related to sea level. Terraces are
usually heighted with reference to one of the followingi-
a) :vresent river surface datum. Examples of the use of this in
the literature include iilne Itome (1375)# Eckford and Manson (1925),
Bryan and Ray (1940) and Lacaille (1954). The advantages of such a
datum level are that it is everywhere present along the valley and not
usually far removed from the terrace features. Its disadvantages are
few but overwhelming, springing in part from the variability of river
regime. Differences between flood, winter and summer levels vary
considerably even within one river system but are usually such as to
cast doubt on correlations based on heights above the river surface
taken at different times. Flood levels at any one time in the Tweed
valley have varied from 9 feet above normal where the valley is broad
to 13 or 20 feet elsewhere, Ouch more extreme examples are reported
elsewhere - Lauder (1330) reported the River Pindhorn rising 52 feet
at one point in the great flood of 1329, while floods up to 90 feet
above the normal level can occur in a few hours in the Yangtse Gorges.
Such variability even on the much smaller scale associated with normal
conditions makes the river surface a hazardous datum level.
If heighting above the river surface is unsuitable then converting
all the figures into Ordnance Datum heights by heighting the river at
other points, adjacent to bench marks or spot heights is even more to
be deprecated, IVhile in the case of very low gradient rivers it is
possible to use the water surface as a datum in this way, such a
practice on the Tweed and many other similar rivers is unwise as it
can not be assumed that the river profile is at all regular between
any two such control points unless they are very closely spaced and
linked to gauging points. If the height of the normal river surface
in relation to mean se» level is not known accurately, the calculated
O.D, heights of the terraces will be extremely variable in their
accuracy,
b) Alluvium or flood plain datum, Numerous workers (e.g. Clayton
1953a, looldridgw and Linton 1955, Brice 1964) have hoighted or quoted
heights of terraces in relation to the alluvium or floodplain. Implicitly
or explicitly, this datum has usually been justified by this argument:
'since only the present flood plain and past floodplains are comparable,
there is no point heighting the present river and then past floodplains.
The heights of previous rivers can be inferred by subtracting the
present floodplain's height above river from the height of the former
floodplains.'
Leaving aside the differences in floodplain formation in different
climates, and the possible different relationships between such features
and braided or single channel streams, there are many disadvantages
derived from heighting with reference to a floodplain: irregularities
in the present day floodplain need not necessarily have been repeated
in the development of the higher, now relict features, especially where
the river is now impinging on bedrock for the first time in it's post¬
glacial history in that area. Other factors responsible for 3uch
irregularities, hydrological, olimatic or human influence, themselves
variable in snace and time, ensure that variations in height of a
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terrace above the 'alluvium' have no significance unless the variations
in altitude of the latter are themselves known. As with heighting
from the river surface, the cumulative effect of heighting from a
feature such as the floodplain whose spatial and temporal variations
are largely unknown, converting these figures into height above mean
sea level and then correlating the features with previous supposed
stillstands of the sea level is ludicrous except in the rarest of
circumstances.
The use of the 'alluvium'aa a datum assumes that it is everywhere
a present day feature or at least synchronous. Given a circumstance
where crossing terraces occur and a poor floodplain development occurs
upstream of the crossing point, the higher terraces could well be
heighted in terms of a feature at once older and possibly very different
in origin to the so-called present-day floodplain. Indeed,even if
conventional crossing terraces do not occur, a supposed floodplain may
still be very muoh a diachronous feature. Thus if it be supposed for
the purposes of argument that some of the very large number of papers
on terraces related to nick-points are correct (Chapter 2) then the
floodplains above and below the nickpoint aire of different ages (e.g.
Hutching'3 1964 paper on the River Mole).
Evidence will be presented later to show that the floodplain
is, in parts of the Tweed, of some antiquity and therefore even in the
case where it is parallel to the present water surface, is not necessari
-ly in close genetic relationship to the present river regime unless
the latter has been remarkably constant for some time,
c). Contours datum. Heighting terraces in direct relation to mean
sea level has long been advocated (e.g. Green 1956), The most conveniant
means of accomplishing this is by measuring direct on the map or
instrumental!;/ in the field from contours. While this is legitimate
practice where no better datum exists, the disadvantages of over -
reliance on interpolated contours on Ordnance Survey maps are now
clearly recognised (Peel 1949# Clayton 1953h)» The limits of accuracy
attainable in heighting from the photograrametrioally-plotted, 25 feet
interval contours on the new Ordnance Survey fsix inch* sheets have
not yet been determined.
d). Snot height datum. Assuming a spot height can be accurately
located and is based on instrumental levelling, the maximum possible
initial error in utilising it as a local datum level is 0.99 feot,
correct to two decimal places. Oxact location of spot heights i3 often
a problem 30 this and the initial error could well result in closing
errors between two different snot heights of the order of two feet
(neglecting instrumental and observer errors) or indeed much more in
cases where roads have been built up since the last survey, a not
infrequent occurrence. A closing error of less then a foot should
be looked on as fortuitous: next to heighting from Benoh 'larks or
trigonometrical stations this is probably the best height control
currently available.
e), Ordnance Survey Bench 'ark datum. The bench mark offers many
advantages as a datum level in geomorphological survey of most parts
of Britain below 1,000 feet. In providing a universally constant
datum# i.e. mean sea level, it is ideal where supposedly significant
•natural' datum levels such as river surfaces are suspected of intro¬
ducing further variables into complex problems. The accuracy to
within 0.0.3 feet (pers, comm.) is, strictly speaking, for greater
than necessary for most practical purposes. Nonetheless, in levelling
from a bench mark the final answer, defending only on a satisfactory
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closing error, is known to be more accurate than necessary, thereby
eliminating a major variable in the •uncertainty complex* surrounding
terrace correlation.
The disadvantages of bench marks arise from their variable
frequency and accuracy. In most populated areas they are said to
exist at approximately 400 yard intervals along most roads. In low
population density areas such as the Tweed Valley, this frequency is
only attained or surpassed near the few large towns and in anomalous
small rural areas. In several instances, bench marks exist only on
one side of the valley while bridge frequency is of the order of one
per five miles or lower; in such cases the height was 'carried* across
the river by heighting onto convenient objects. Generally, this was
not as great a problem as ws first thought because the terrace
sequence was usually detailed enough to demand loop traverses from the
two bridges nearest to main road bench marks, meeting at the halfway
point. Thus closing errors oould be checked both within eaoh loop
and also between each loop mid-point. Temporary bench marks were
frequently cut in fence posts, etc., so that several traverses oould
be 'tied in* at various points and the cumulative error continuously
observed.
The third and most recent levelling in the Tweed Valley was carried
out in 1953 - 54. Owing to changes in the importance of various roads
since the previous levellings, the most recent bench marks are not
infrequently in different areas to those from the earlier surveys.
It was found convenient on some occasions to use the old Liverpool -
based points for a datum level rather than the 1954 Btewlyn-based ones;
the heights of the former are given on old 'six inch* maps.
Overall conversion to iewlyn figures is difficult as the rdnance
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Survey have not yet calculated the correction factor for any part of
the valley. Local corrections to data based on the older datum have been
made wherever re-heighted Liverpool - based bench marks, not on *six
inch* sheets but marked on the'twenty five inch' plans currently being
published, have been discovered. Uncorrected data are suitably marked
in appendix 1. The maximal difference found between Mewlyn and Liver¬
pool figures for the same bench mark in the Twoed area is approximately
0.6 feet and it is believed that this is likely to be the maximal error
involved, most of the differences ranging between 0.3 and 0.4 feet. Newlyn
- baaed heights are always greater than Liverpool - based ones.
Further potential errors exist where the site has been disturbed
since the levelling took place i fortunately no mining subsidence is
thought to have occurred in the area considered, there being little sub¬
surface mineral exploitation. One Liverpool - based bench mark was found
inverted in the wall of a recently built house and while this is believed
to be a rare occurrence, the system of interlinking traverses already
described and closing on a second bench mark where possible enabled a
strict eheck to be kept on possible errors.
C. leasurement of the Thickness of Tejrasiform and other Drift 'deposits.
While the main aim of this study was an examination of terraces as
surfaces, it would have been unwise to have ignored any possible means
of checking the conclusions reached. For this purpose, full notes (and
samples where necessary) were taken at all exposures in superficial
materials. A limited amount of hand boring was also carried out in suit¬
able locations, while all the commercial bores in the public files of
the Institute of Geological Sciences, along with others provided by
consulting engineers, were collected, generally to gain some impression
of variations in type and depth of superficial deposits but locally to
calibrate or check mines obtained from seismic investigations.
Approximately TO traverses were run with a Soiltest "Terra Scout"
R 150 portable refraction seismograph and the tabulated results form
appendix 4* The equipment and technique are adequately covered in
many publications, among them Gough (1952), fooney and Kaasa (1953),
'.IcGinnes and ^sapton (1961), Dury (1962) and Al-Din (1965), Briefly
the principle is that the ground is hammered and an electronic timer
measures the time lapse between a signal proceeding instantaneously
to the instrument via a cable and that travelling through the ground
as a variety of wave forma (Plate 1 ). The hammering process is
repeated at intervals of 5, 10 or 20 feet from the geophone, until
either a series of graphed readings lie on a straight line or the
signal received via the geophone becomes too weak to distinguish from
"noise*, derived from passing traffic and other extraneous sources.
A reverse traverse over the same course is necessary to detect inter¬
faces sloping relative to the ground surface. Simple formulae convert
the delay time and distance of hammering from the geophone into depths
to seisraically significant interfaces (junctions at which the velocity
of sound suddenly changes). Maximal depths attainable vary with the
nature of the deposit but may be as rest as 100 feet without the use
of explosives.
Being baaed on tho orineiple of refraction betv/een two bodies of
different density, this seismograph can only pick out those cases where
the velocity of sound increases with increasing depth. Fortunately,
this is more normal than a velocity inversion but a reflection seismo¬
graph, unaffected by velocity inversions, would probably have many
applications in studies of drift deposits. Testa against borehole
control showed vary accurate results of the order of - 1 foot in 53 feet
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of sand over bedrock, while a few yards away a readv»nee till over the
sands gave readings varying greatly in the amount of error (average
velocities for till and dry sand are approximately 4»000 and 1,200 feet
per second respectively). Empirical methods can be used, with experi¬
ence, to detect the presence of a near-surface velocity inversion.
Coster and Gerrard (1947) olaimed an accuracy of - 10 percent for their
work, while Johnson (1953) obtained much smaller errors. It should be
mentioned that most work has been carried out» inoluding the latter
reference, with a 12 channel machine, rather than a single ohannel,
multiple hammering type such as the R 150 Terra Scout. Thus the
attainable level of accuracy varies greatly depending on sub-surfsce
conditions and noise but may be high under simple conditions with good
borehole control.
Certain characteristic velocity ranges can be assigned to specific
types of material, the width of the range being a function of the
variability of the deposit and particularly of the water content in the
case of coarse grained deposits. The simplest situation is a marked
change in seismic velocities such as occurs where dry sands and gravels
overlie moderate to high velocity bedrock such as greywacke or igneous
materials. In more complex situations, such as where frequent silt
and clay lenses exist in gravels, several interpretations are often
possible and these can only be checked with borehole control. The
lack of natural sections and engineering works in the Tweed valley
ensures that a large percentage of the seismic traverse results not
closely related to such control must be regarded as provisional at
present. Nonetheless the general pattern of the stratigraphy in
several cases of this nature has been confirmed subsequent to the com¬
pletion of field work with the discovery of old bores or new sections.
Use of this equipment was mainly restricted to tackling two
problems, namely the sub-surface morphology and stratigraphy of the
terrasiform deposits and the location of the buried valley of the
Tweed. While it proved extremely useful, the employment of resistivity
equipment in association with the seismograph as a reconnaisnnce tool
would have considerably reduced the time expended on the latter task.
All geophone locations were located with a ten metre grid reference and
were usually heighted in the same manner as the terraces themselves.
D. Other Field Data Collected.
i) Stone Counts. Concern was felt that any one surface may re¬
present only a final slight 'bevelling' by one stream while the mass
of the deposits underlying the surface was laid down by another.
Clearly it is impossible to prove this never occurs, but an analysis
of rock provenance was undertaken in a small area around the junction
of the Rivers Tweed and Lyne where such a situation seemed a reasonable
possibility.
This spot was selected not only on the basis of terrace layout
but with a view to easy identification of rook types: the Tweed Valley
material is virtually all greywacke, while a variety of sandstones,
limestones and Igneous rocks would be expected to ocour in the Lyne
Valley if the deposits were from the Central Lowlands. Samples were
selected from the few exposures in as near random a manner as possible
e.g. the effects of colour on selection were removed by picking material
with closed eyes. The results are set out in appendix 5*
ii) Collection of organic samples for Radiocarbon dating. Despite
the increasing evidence of datable organic materials in the thesis area
(see Chapter 4) the only site containing such remains which could be
located was at LT 983533. near Berwick Up0n Tweed. Here marine shells
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and sand were incorporated in till overlying outwash sands which over¬
lie partly laminated clays (Gunn 1834, Sissons 1967b), Efforts to
looate the peat 'between two tills in the Slitrig -Vater, mentioned by
A. Geikie in 1863, were unsuccessful due to the yrowth of vegetation
on surface wash, plus the addition of a small tipheap.
iii) Collection of organic deposits for pollen analysis. Dr. W.W.
ifewoy kindly carried out an analysis of samples for pollen from the
laminated clays at 195? 983533 mentioned above. In addition, he analysed
the pollen content of a peat layer underlying the supposed present
Tweed floodplain at several locations in the 'fweedhopefoot area.
C It ti P J H H 4
BLC F1HLD A.llA
A, ihe aresent fopography
Uie dominant characteristic of the present topography of the
IWeed 3asin is its smoothness, lacking in all but a few locations the
craggy irregularities of much of Highland Scotland, Hie boun aries
of this basin are the Lammermuir and Moorfoot Hills to the north, the
fweedsmuir Hills and Broughton Heights to the west and the Cheviot
Hills in the south; these flat-topped hills respectively at ain
maximal altitudes of 1755* 2154, 2754 and 2676 feet. Interposed
between the Cheviots and the coastal plain, and separated from the
raas if by the lill Valley, lies a north-north west-trending ridge of
Fell .andstone, attaining an al itude of about 600 feet in the Lowick
area, this parallels the Northumbrian coastline and effectively
constricts the mouth of the IVreed basin. Five major south-southeast
flowing left bank tributaries of the fweed exist, the Ion ;est of
which, the river Lyne, completely breaches the northeast-trending
regional water hed, rising in the similarly orientated pentland Hills,
Numerous north and northeast-flowing right bank tributaries occur, of
which the largest re the rivers fill, Jeviot and cttrick and she
. anor ,ater.
.ithin the basin itself, much of the ground below a plane falling
rora approximately 750 feet above ea level near ...elrose to 3-400 feet
in the derrick area is dominated by orientated relief, moan of it
trending northeastward ,-nd re ul ting largely from the effects of
laci' tion, Jho eneralised relief of the are 1 is shown in figure
the form of the irrtmedi ,te valley within which the tweed itself
flows is variable. filler (1883) long ago recognised the alternation
of gorge and terrace tracts along the river. From the headwaters at
tweed's ell, 97 miles from the sea and at 1250 feet .J., as far
downstream as Melrose, the valley cro s-section approximates to a form
midway between the well known V and U shaped valleys, and lacking
in erlocking sours. ihe only exception io at Neidpath (254 406) where
the broad U/V valley continues, now dry, around the south side of
Gademuir .ill while the present river flows through a steep-sided,
narrow and rocky gorge to the north. At jrumelzier, where the river-
less dig ar Jap meets the present tweed Valley, the combined valley
for a short distance downstream from that point is clearly a
continuation of the former, being very much larger than the latter.
round „,tobo (183 577), the valley form is asymetrical and a modified
V shape, due in part at test to the pr sence of large luantities of
glacial deposits. Get . en iiolylee (390 377) and the f.veed/Ettriok
junction, the valley is the U/V composite form in cross-section but is
vary much narrower than else here.
Aree miles downstream from felrone, the .Tweed runs through the
largest of its corge tracts, in the 20.) feet deep Bemersyde Jorge,
em rring ne r Newtown ot. Jo -walls. Here the typical v.lley form
change • '.jo that of .. broad undulating lowland, into which she river
is incised by amounts v. ying from thirty to one hundred feet, the
valley beiny steep-sided on the outside of meanders and -ently
errac: d n the inside. Pemistin almost is far as LVreedbank
(7)0 333)» this incised cro.. section is then replaced by that of a
wide, iished valley in which well-developed low terraces are plentiful.
Downstream from Gornhill, the incis.: >n into a broad undulating plain
re-appears, .r isting until very near the mouth of the river, from
here a bro .d asymetric open V sha e exi ts to the sea.
B. ihe deolo ,1c ,1 jiviroraaent
Four systems are represented in the geological succession
(figure 4.2) that comprises the n ar-surface bedrock geology of the
itoeed basin. ihese extend from the Lower Jrdoviciun (Arenig) to the
Lower Carboniferous (Bernician) although iiiells and dearman (lj66)
have sug ested the existance of Calradian rooks in the eastern part
of the southern Uplands on the basis of tectonic style. xome 90/o
of the areal extent of rockhead is composed of sedimentary strata.
idie most recent account of the palaeogeography of the area in
oriovician and jilurian times is that by Walton (19&5 p.204).
.ringle (1943 p.5) divided the .outhern Uplands rocks into three
belts, only the more northerly two of which are relevant here. He
described the central belt, underlying much of the western half of the
pweed basin, as largely composed of highly folded "Llandovery .reywackes
and shales in which the Ordovician strata occur along the axes of
complex anticlinal folIs as long, narrow boat-shaped inliers"
orientated in the usual Caledonian northeast-south west alignment.
This belt is separated from the northern belt of similarly folded
supposed ^renig, Ashgillian and Caradocian rocks, whose lithologies
include greywackes, whales, limestones and lavas, by a line from the
outhern Upland Boundary Fault near Junbar through .ytobo that
essentially leaarcates the main >utorop of the Silurian/ o^dovician
junction.
fhe com lex fold system in these rocks has been thought of since
the time of L'pworth as repeated isoclines but .alton (1965) in the
western and Chiells and jearman (19 '6) in the easterngouthorn Uplands
have recognised a variety of fold types representing everal folding
episodes in the Caledonian oro ;eny.
fhe junction between the Silurian and the old led jandstone is
unconformable throu ;hout the Breed basin due largely, according to
.Tingle (1943),to the massive pre-U per Old Red andstone ero ion.
.aterston (1965 p»297) states that pre-Upper Old Red .jandstone earth
movements resulted in uplift of the Southern Uplands relative to the
Midland Valley and the initiation of soutward flowing rivers, draining
into a broad depression stretching from the Rerse to the oolway girth,
ihese valleys and the depression .ere then at least p rtly filled by
the Upper Old Red ijanistone sediments. :.uch of the present Leader
•ater valley coincides with the line of one of these ilaeozoic
buried valleys, po sibly owing part of its form to ;xnumation.
In a very significant proportion of the Lower rweed, the
subdrift surface is composed of Upper Old Red Sandstone, recently
described by ia erston (1965 P» 5*31-3) and smith (1967). Bie
latter stated that most of the sediments, fine grained well-3orted
arenites and sub-irkoses, were deposited from a north rn source on
piedmont alluvial fans and in playas, ty ical of 1 semi-arid
environment. In contrast to .aterston, he said that the junction
between these rocks, .nd th lowest member of the overlying Carbon¬
iferous strata, the Cementstone group, is of a transitional
sedimentary nature. In specifying the type of sediment in the latter
group as lagoonal ;ith fluvial bands and those of the succeeding
fell Sandstone and cremer.- ton Coal Croup as shallow marine and
fluvial vith 1 goonal b nls respectivel , Smith envisaged an
environment in which slight changes of relative sea level occurred,
culminating in ohe growth of a northerly-fed delta. Bie Cementstone
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Croups lithology is chiefly thick sandstones se parated oy thin cement-
stones, mudstones and sandstones, while that of the Fell Sandstone is
remarkable in being entirely a very well-sorted cross-stratified
sandstone with v ry small "juan ities of raica md clay matrix, fhe
ocreraerston Coal Croup is a complex of sandstones, mudstones, shales
and cementstones. ihe p 1 teo ;eo raphy of southern .cotland at this
time has been summarised by :eor :a (I960) while ,den and .jnith (1966)
have recently added to the known resent ;eo .ra hie distribution of
Carboniferous strata by tracin ; these sediments, existin, on 1 ..nd at
junbar and Berwick, out uni r the North tea here they unite around
the inlier of the Lamm rmuir tills off St. Abb's Head.
Volcanic activity associated with the deposition of sediments
was consi erable in the fweed basin in Upper Old ted sandstone and,
particularly,er Carboniferous times, the base of the Carboniferous
underlying the Cementstone Croup in the area between Crows (69O 325)
and SprouSton ((757 353)» consists of the Kelso Praps, olivine
oasalt plateau-type lavas, believed to have come from numerous vents,
their position in the river bed is marked by the occurrence of
ra ids (682 321). several outcrops of extrusive and some intrusive
igneous material (e.g. ,ildon Hills), formed at comparable periods,
constitute obvious elements of the present sconary me to their
low relative er libility compared with that of the surrounding
■.dim mtary rocks.
although throughou muck of Lower fweoxdale. the structure of the
;ld Bed and Carboniferous strata is a simple sha low syncline whose
axis uns in a north-easterly direction, slightly modified by local
offecus, considerable folding and faulting did occur in post-uower
jarboniferou times in the present coastal rea, giving rise to die
large east-facin; Berwick monocline (Jhiells and jearman 1966) and the
fell sandstone ridge previously described (jhiells 1963).
C, Jertiary Landscape volution
Evidence from other parts of the Southern Uplands suggests that
the re-ion offered renewed uplift and denudation at the end of Lower
Carboniferous times, Pringle (1943 p.31) pointed out that the
outliers of U jper Old lied Sandstone suggest that the cover of these
rocks was formerly much more extensive. Although there is no
supporting stratigraphic evidence, it is a reasonable hypothesis that
the region was at least partly covered by Upper Carboniferous,
Jurassic, Cretaceous and possibly later rooks and that these have
subse luently been stripped off.
The only rocks in this region intermediate in age between the
uower Carboniferous and leistocene periods, approximately >00 million
years (Holmes 1964), are the fertiary dykes. Jaese have an
extremely limited distribution in the fweed basin but their importance
i3 out of all proportion to their areal extent, Jie Ion pest dyke is
that first iden ified in the teeed Basin about twenty five miles west
of the Border and running east-southeastwards through Hawick, forming
p rt of the cklinyton dyke of Northumberland. nother cuts the
headwaters of the iteeed at 03&d07» as leorge (1965 P»37) pointed
ouu and as has been appreciated for many years, the face that these
dykes 'no here serve as feeders to lavas preserved on the present
surface but are themselves truncated b that surface" indicates that
he summit surface in such areas is younger than the tertiary uykes.
ny analy. a.i pre- leistocene draina ;e and 1 ndsc evolution
in forthern Britain must accept a large measure of indeterminacy due
to the non-preservation of vital evidence. In some cases much may
be undiscovered and this is probably true in the Tweed basin where
only one worker (Ogilvie 1951 p.14) h s made any serious attempt to
nap erosion surfaces. Numerous early comments, rurging from those of
Ch mbers (1348) and ilne dome (1875)» both of whom believed all such
flats to be marine in origin, to Coodchild (1902) wno was convinced
that rivers had played the major role in shaping iiills in the eebles
area, are preserved jn the literature but the only o .her com .arable
mod rn study is that of Common (1954) in the Cheviot Hills. )gilvie
recognised three main groups of surfaces, the summit Plateau
(approximately 1800 feet 0.J.), the Higher ^owland Penepl uie (between
500 nd 700 feet, rising to 1,200 feet in the Sttrick-Teviot area) and
the Lower Lowland Peneplane (up to round 530 feet 0. D.). He accepted
that the last mentioned form was probably greatly influenced by
glacial erosion. Ragg (i960 p.53) claimed to have recognised "traces
of these (peneplains) ... at 2700j 2430, 2000, 1800, 1600, 1,00 and
1000 est*.
s iisaons (1967 p.22) pointed out, views on the origin of the
drainage systems of .cotland, in particular the origin of their present
orientations rather th*n actu 1 positions, can be subdivided into three
categories. 11 of these have been built u in part from observations
in the Tweed basin, the first of these categories, propounded by
nckinder (1902) and supported by Crerory (a915) end by e ch and
1
dome (1950) viewed the original rain ge as southeastward-flowing
1 The t ra original drainage is a misleading one; •onerally it is
intended to ra an the earliest drainage pattern of which evidence still
streams, swinging estw rd in their lower courses, running over a
summit plane of low relief, Oregory (1915)» accepting that the
Clyde once joined the iweed near Jrumelzier, aciuiesced with the
opinion implicit in Mackinder's publication that this called for a
reversal of the Lower Clyde. oissons (1967a .23), elaborating on
the work of Linton (19 S)• noted two fundamental objections to this
theory, that it fails to explain the numerous discordant streams
which do not flow south-eastwards and also that the uplift and tilting
of the plane of low relief, formed by subaerial erosion, according to
Mackinder, would cause an incision of rivers in their existing
courses rather than producing a new southeastward orientated system.
Jhe iweed, viewed on a large scale, is in part an eastward-
flowing river, exhibiting marked indif erence to structure in much
of the Ordovician-jilurian belt. Ihis pattern and the easterly
diminution in summits, repeated over much of •Eastern Scotland, led
to a second interpretation of drainage evolution, initiated by
Qoodchild (1902 p»2p6) and culminating in the work of Linton (1933
1951)* In essence the latter postulated that the original
drainage of much of the drampians and Southern Scotland was eastward
flaring and is now partly dismembered. Originally, Linton (1933)
sugge ted these rivers to have flowed on a surface of low relief
but in later years he specifically identified the surface as the
top of the Cenomanian rocks, now almost completely stripped from
the jcot'ish mainland. Coodchild's views, that the drainage
originated on a plane represented by the flat tops of the present
hills, differed primarily in that he r----.»ded these as being
emn wits of the sub-Cenomanian surface. His statements that the
r elief forms were due to the work of rivers but showed some signs
of modification by ice action, ad also that the surface was distorted
and re-ex osed by erosion of a large fl t sheet of Cretaceous rock ,
anticipated many of the conclusions derived in the following half-
century. His views appear to have received little atienti>n solely
because of publication in in obscure journal.
In many respects the interpretation proposed by Linton
represented con iderable adv ..nee over preceding theories. He
sug ested (1934) that the Upper Clyde, not a reversed Lower Clyde,
flowed through the Biggar Cap to join the Tweed. Ihe anomalous
course of the Lyne, rising in the entlund Hills and flowing south-
eastwards into the South rn Uplands to join the i\/eed four miles
west of eebles, was ex lained by reconstructing the supposed
'original' water watershed. He suggested that rather than lying
southwest to northeast as at present, this lay approximately from
west to east, from the eastern Lammormuirs to the pentland Hills.
The removal of the cover rocks exhumed the northeast-southwest
water hed, but superimposition of the rivers from the surface of these
rocks and the persistence of the river courses led to the present
pattern of an increasing tendency to bre chin of the watershed
towards the rest. Thus the greater penetration of the Cala .ater
into the jouthern Uplands than she Leader Cater was explained, like¬
wise that of the Cddleston in com oarison with the -Jala and so on,
artly from the considerable local variation in drainage
orientation in outhern Scotland, related in .i son:* words more
"to the present distribution of nigh -round than an eastward tilted
surf .ee" (1967a ,?S) nd more < irticularly from geological evidence
den in'j the axis nee of fun i mentals of the -intonian schere in
north-west Scotland, a third explanation of drainage origin is current
recently developed by ieorge (1955, 1965 7)• He roposes that
rather than an 'initial* unidirectional drainage system, water
dispersal was controlled by the emergence of stepped marine erosion
surfaces fol owing a raid-Tertiary submergence. 3hus, as it is
believed that little major subsequent change in landforms has occurred
many Jcot ish rviers still reflect the orientations of the slopes on
which they flowed when first the sea level fell, Ihe clear evidence
that at least some of the erosion surfaces ost-date she aertiary
dyke:; h „s already been noted while the stepped nature of the platforms
can be illustrated by projected profiles derived from Ordnance survey
maps (e.g. deorge 1966 p.22).
Hallam (1965 p.401) stated that there are virtu Lly no known
.Tertiary marine sediments in Scotland. Uius, as _>issons pointed out
(1967a p.24), there is no strati graphic evidence of the marine
submer ;ance required by Seor e. JTurth -more, the implicit d nial
of any si gnificant post-mid-lertiary distortions of the erosion
surfaces as shown in the projected profiles and the subjectivity
inherent in the construction of such profiles suggests caution is
necessary in accepting the conclusions. It is debatable whether hill
tops can be employed to represent the remains of a surface on a local
scale and over iier areas ..'here varying litholo ries ire found.
,i ;3ons (1967a .25) combined certain aspects of both the work
of inton m:> eorge in his recent synthesis of Terti.rg landscape
evolution, This is baaed on the proposition that the 'initial'
watershed se .rating streams draining to the north ea and those
dr ininj westward was broadly similar in location to the present
eluival nt and was the axial plane of a country wide anticline. t
this time both :;ea and land level stood far above their present values,
the greater height of the land being due in part to the extensive cover
of chalk and other sedimentary rocks. As the sea level fell, rivers
commenced to flow on the exposed sections and subaerial slope retreat
continued the work of previous marine erosion in stripping the cover
rocks and modifying the surface of those b neath. 3is3ons postulates
that this commenced in early fertiary times and was substantially
modified in the northwest by the mid-fertiary epeirogenesis.
While the best synthesis available at present, this account still
poses numerous problems. It still demands a marine submergence of
which there remains no known stratigraphic evidence. Furthermore,
presented on a countrywide scale (Sissons 1967a p.25), it is
difficult to interpret the supposed 'initial1 form of any one river:
the fweed, for example, was shown to have the present river Lyne as
its headwaters. thus Linton's original east to west watershed in
this area was accepted but nothing was shown of the present Upper
fweed Valley or the problematic Biggar Gap, save a later re erence
(p.42) to this as a possible glacial breach in part3.
Che lack of accurate field work and the suspected lack of
ctual evidence severely limit the validity of any conclusions on the
early jeomorphic evolution of the fweed V >.lley, gather more
evidence is available to aid the interpretation of events in this
area in leistocene times.
J. leistocene 1 n: cane .volution , rior to the n 1st Je ;lacierisation
(i) jie Forms of GL ciol grosion
uch of ,he brilliant early work and fevered debates on the
ori ..in of feature.; now known to be is ^ciated ith the pleistocene
glaciations took pi .ce in relation to eviience in the fweed basin.
uch of the early work was evoted bo study of the drift but erosional
features were not neglected. xhile many workers such as Joodchild
(1902) were happy to attribute the form of several parts of the Breed
valley to modification by ice, vehement opposition to this was
provided by the rotectionist, J. ,i. jre pr (1915)* s part of his
evidence, he quoted the form of irn Craig, xhe extremity of a spur
between the Breed and its tributary, the Leithen sater, isolated by
a vertical incision from the main ma#3 of rock. lie apparently did not
appreciate both the possibility that this might be in part at least
a fluvioglacial feature and also the extreme selectivity of ice in
orodin
,h.ile ringle (1940 p«00) re-emphasised a valid and long
appreciated oint that, as the majority of the drift in this area exists
in the valleys, the latter must therefore predate the last glaciation
or, more accurately, the last deglaci risation, there is clear
evidence that some sections of many valleys have been very considerably
altered by this or previous laciations. jjhe Tall trough, now
occupied by a • serv ir, is an impressive glacial gouge surrounded by
the rounded hill slopes formed, accordin . to deikie (1865) and
joodohild (1902), by fluvial 'gents and slightly modified by ice action
if th latter is correct. jhe importance of lithology often appears
to h'-ve been neglected in early studies; there is ;ood reason to
believe that th finely-be .led sh_J.es nd perhaps the greywckes of
much of the .outhern Uol nds might rive similar landforms ./here
subjected to fluvial and non-concentrated glacial erosion.
/ site investigation report on possible l._m sites in the
.outhern U lands for Edinburgh Corporation by dock mechanics (1967)
showed th- t the rock fl >or of she Megget is over 00 feet below xhe
•round sur oe at hielhope (194 221), rising to pproximately 20 feet
below the surf ice at Cramalt (201 2 5)» some 80 ) yards downvalley.
s the surf ;.ce diminution in height over this downvalley distance is
no greater than 15 to 20 fe at, a minimum of 40 feet of overdeepening
has occurred. similar downvalley rise of 60 feet in the bedrock
floor occurs in a horizontal distance of 650 feet at the east end of
3t. ;,!ary:j Loch,
Other undoubted evidence of glacial erosion is provided by the
presence of corries, including that containing Loch „>kene. doodchild
(1902) believed the Tweed Valley upstream of deidpath .or ;e to have
been excava.ted to a depth of 100 feet or more in comparison with the
gorge section, a parently not realising the importance of differences
in age between different sections of the valley, ^issons (1967a p,42)
sug estion that the 3ig;jar kip may in p rt be due to glacial diffluence
has already been noted,
distortion ind disruption of rockhea i has been recorded within
the field area by at least two observers. J. deikie (1374 p.21)
ie-crib d Iowa a ,nd distortion of near-vertical shale bands of
jilurian a ;e near eebles due to the pressure of superincumbent moving
ice, confirming the plausibility of gl cial erosion in such lithologie .
He also noted fracturing of sandstone and injection of bill into the
joints at Union Bridge (935 511,. .tevenson (1874) recorded similar
disruptions, le cribing the presence of shattered layer of sandstone
everal feec. taick, partly incorporated in the overl/in. hill at Langton,
near duns. section recently examined b the author at dollar Heugh
(.065 416) showed up to 15 feet of an un traiified oilty clay, containing
rounded st nes, overlying 23 feet of shales which in turn overlie 70
feet of mas ive limestone. The sh les are i ;hly sh I ered, particul rly
towards the function with the till which is diffuse. Only 100 yards
away, the shales are completely missing.
lce-strearalined features are a notable feature of the fweed basin.
Jiile believed to be formed largely of till in the Merse, most of these
l .ndforms re cut in Silurian and Old Red Sandstone ro.cks in the area
from about elrose as far east as Jmailholm. ilxe narked orientation
of relief in fairly homogeneous litholo ;ies may reflect the
coincilence of the strike of the strata and the direction of ic® movement
at one or more stages. Ihe igneous intrusions and extrusions already
described give rise to similarly orientated ridges, usually crag and
tails. Examples of this include Oiidon Hill North (omith 1929),
Black Hill (505 370) nd .bite Hill (570 377).
iliis orientated relief, of var ing internal constitution, is
illustrated in fi ure 4.3» together with striae culled from ell available
ources, including the eological urvey Maps and memoirs and numerous
3horb notes in the local li rature. >uch minor features as tri®e
are rarely preserved on much of the Car onifer>us ind Old Hed strata,
finding their best expression on outcrops of greyvr ekes, Kelso Praps
and i neou intrusions. die orientated relief shown is based on that
s own on hachured one inch 0.3. ma s and on field ma ping.
(ii) ahe forms of dlaci 1 Jeposition: till di itribution, constitution
-.nd thickness
In common with that on the evidence of glacial erosion,
discussion on drift lan forms of the IWeed Basin was otive in the
mid-and late-nineteenth century. Bhe early appreciation of the
si nificance of accurate recording of sections In drift is illustrated
by the six points o guidance suggested by non (1362), for those
en aged i:i cu_ttbLng sections for the Berwickshire .ailway. ihese
oints still form the basis of any study of a section and can be
summarised as;
1) re the rocks smoothed or striated ' If so, note the
direction.
2) Mote the lithology.
3) reserve and accurately locate any fossils.
4) Note if clays re stoneless or otherwise and the size of
any st nes.
5) Note if boulders are scratched.
6) If boulders are elongate note the direction in which each
is pointing and the main orientation.
Ehe gener ..lised distribution of till and other drift in the dweed
basin, com iled from a number of s urces, is shown in fi ;ure 4.4« fhe
extensive nature of the former i3 at once apparent* particul rly as it
is known to underlie other deposits in some areas. Little work has
been c rried out in the area on the accurate definition of till
boundaries or on variations within or between different tills. ttagg
(I960 .36 and p.162) rave the typical clay fraction in the Berwick
to Lauier are as about 40 per cent, of the till, but within some
parts, particul rly around irxton and Button (908 538), the clay
content ri es .3 high as 50-60 per cent. Lis gener lised
description of the till covering much of .sower iweeddale on which the
Whitsome ooil ssociation is based is as: follows;
Med ish brown (5Id 4/3) olayj missive: plastic: rounded and
ub-rounded stones of fresh nd weathered - eyw eke nd basalt; also
frr Tients of coal, red and pale coloured s n .stones and shales, fel. ite
and ndesite. Considerable variations in colours, stone content nd
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p rticle size do occur, however ',
Ragg also recorded (p.41) a 'sandy till 1 of the Hobkirk ssociation
and an equivalent, dee or clay loan till. It is possible that the
first is an ablation till while the latter is of the lodgement v riety.
(Flint -957 p.120, JLssons 1967a p.64) uocal vertical variations in
till are shown in section 1 (appendix 6), seen in • 1 ndslip face
near Berwick, where the lowest exposed till member is extremely stoney
while that at a higher level has relatively few stones and is much more
plastic in a wet state.
One of the obvious characteristics of till in this area^
(J-regory 1915» Carruther 1932, Rock Mechanics 1967i etc.) is the ubiquity
of rounded stones included. Very rarely, except where frost shattering
has subsequently taken place, are angular or sub-angular stones found.
Presumably this is ue to the loc:.l ice incorporating previous fluvial
or fluvioglacial d posits ad it advanced downvalley,
A large percentage of th 3tones in the till are very local in
origin. fet he erra ic content is often important, even if
insignificant in terms of bulk: Ragg (1969 p.37) noted that
Ordovician and .^ilurian greywackes are quite common minor c nstituent
of the till parent material of the <hitsomo Association of Lower
Pweedd le, confirming the general principle of a generally '/est to
east ice ma/ement over the region. Figure 4.5 shows the recorded
erratics, b sed largely on the Boulder Committee .ieport for notland
(..ilne lome 1885;, numerous short notes in the History of the
Berwickshire Natur diets club and personal observation. Not included
on this map are Carboniferous corals derived from the Midland Valley,
found no r Buns b. .... d. Long (pars, comm.)
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In some areas the till sheet remains essentially flat in its
surface expression but the dominant characteristic of its form
throughout the erse is its drualinised nature. Apart from early
maps, such as that in Milne Home (1875) and brief references to the
drumlin field (Gunn 1895 and 1897, Fowler 1926, Carruthers 1952,
Sissons 1967a p.86, Claoperton 1967 p.295) no publication has dealt
with the Tweed drumlins in any detail. Yet a detailed study might
conceivably necessitate a revision of present concepts of druralin
morphology and orientation, as well as providing more detailed
evidence of local ice movement directions. For example, many drumlins
were observed to be markedly flat-topped, such as that at 798 595,
while the highly elongate form of all these features contrasts with
the forms common elsev/here in parts of Scotland. A study of certain
aspects of these features is being undertaken by Dr. J.B. Sissons
(pers. comm.).
.fhile argument raged in the second half of the nineteenth
century, Milne Home and others upholding the diluvialist origin on
these features, the only discord over their origin in this century
was struck by J. it. Gregory (1926). He attributed their form to
erosion by wind of a sheet of boulder clay. His evidence for this was
a number of distorted trees on top of the drumlins, their orientation
supposedly concurring with that of the landform, and also that the
drumlin orientations were in some areas up to 40 degrees at variance
with maos of ice movement directions by A. Geikie (1901 p.306)and
bright (1914 p.49). The developments in georaorphological knowledge
subsequent, and to some extent prior to 1926, render it impossible
to take this hypothesis seriously, although his criticism of the
long-accepted mans does have some substance.
Svidence is available to indicate that local and nerha-->s regional
variations in depth of till occur but thi3 is not yet sufficient to
permit a regional map of such variations. day; (i960 p.43) noted
that "..exposures in stream and riv r sections show this till to be
many feet thick but this is not ;enerai throughout Lower Twe ddale.
Jae till thins to 3 feet or less in some patches around bwinton
and .hitsome and in a belt 1 mile wide by 5 miles long northeast of
Fogo.'Personal observations along with unpublished bore records of river
sections in this part of the Tweed basin suggest the depth of till is
normally between five and thirty feet. The oldest known bore in the
field area, carried out in 1816 t Kellyto oi, near Maxton, typifies
the situation away from drumxinised areas in showing 9. feet of till
ov r rock, Jarruthers (1932) made the point that south of the Tweed
and east of the rivor rill, excluding the drumlin , the till was
generally thin while in the Cornhill area thicknesses of 25 feet are
not uncommon. Borehole evidence suggests that in the valley bottoms
in the Upper Tweed basin thicker deposits of till sometimes occur,
ever 1 bores in the vicinity of the ^ewinshope Burn, near delkirk,
showed up to 50 f et of till while oth rs for the Brooalee to
Brouyhton section of the Till' aquesuct frepiently found 25 feet of
till without reachin rock.
frequently expressed gener lisation concerning this area is
th' t throughout, the drift is thicker on the we t compared with the
e st side of north-south orientated valleys ( ringle 194Q» R-' SS 19^0)
This has been interpreted as evidence for a westerly origin of the
ice, depositing bill on the lee face nd eroiin , the stoss slopes,
larked examples of this noted in the course of field work are the
v lleys of the .• lker and Plor Sums, runnin ; south nd north
re. eclively towards lker>urn, similar case, if in a difCerent
orientation, is known from the Heriot ,-ater ne.r Garvald (Rock
echanics 1967). Investi ations reve led 1)0 feet of till with sand
nd gravel bands on the south side of the river, com ared with a thick¬
ness of approximately 20 feet on the north side.
Long sections of many valley bot oms in the Oweed be sin appear
to be wholly or partly buried by glacial or fluvioglaoial materials,
ihus, at osso Craig in the anor A'ater (204 317) » an old bore passed
through 149 feet of clayey and stoney drift on top of rock while the
recent dock Mechanics (196?) report on dam sites in the field area
contains secti ons which show the depths to rockhead at Langhaugh
(202 310) and King c .irn (204 316) to be 74 ' nd 115 ^eet respectively.
It is likely, however, that this includes soiifluction materials,
Ihe present valley of the _>litrig water, according to . deikie (I863),
contains at least 100 feet of till in some parts. Pi jure 4,6
represent sections obtained b bores • cro s the 'Jalla and Pruid valleys,
c rried out in 1893 in connection with reservoir site inve ligations.
Plans to build a dan aero the Upper Tweed Valley were dropped shortly
before a ite investig.uion was gegun, Presumably bee use of the
sm. ,11 r amount of infill (shown in sections a) ..nd b,) in the falls,
most of which comprised mixed deposits including till, s nd, ;r vel nd
earth and stones, this site w s chosen in preference to that proposed
in the Pruid.
eikie also believed th t completely buried v lleys existed in the
Tweed basin, entirely plug ed by drift. On the ori ;inal 6 inch field
maps for the .iddle Tweed * round elrose he showed a sinuous v lley
o thi type, apparently based on such sections as the following,
e mined in 1967 at Newstead (566 344):
...0proximately 60 foeb of medium brown till with rounded stones
sharp junction
25 feet of coarse rounded gravels in sand in itrix
rivers edge.
re urnably it is from sources such as this that the rounded stones
incorporated in the overlying till are derived. phis section is shown
in Plate 18, while .late 17illustrates the comparable situation at
Mertoun Mill (609 324) where gravel lenses are found in the till.
.hile (vertically) thick exposures of till at 558 350 and 572 348 are
no proof of buried valleys, being probably only a thick veneer of drift
on the valley side, the full exposures at Newstead ( Section 3 appendix 6)
and at hertoun Mill (Section 2) might seem to suggest the existence of
now-plug ;ed valleys cut in bedrock. i3rief seismic investigation at
the latter location (gets 37 and 38 in appendix 4) would appear to
render such an interpretation luestionable on present evidence ■■.3 it
seems that the rockhead, for a short distance at least, parallels the
rapid surface rise tow ..rds the northeast. It is possible, however, that
the section represents a highly oblique section across a completely
buried valley, fhe exi uence of other such valleys is suggested
elsewhe -e in the Tweed valley b / anomalous bores such as that quoted
by Cunn (1895)> which located 250 yards southeast of ark Hast Common
in an interdrumlin area, showed 102 feet of 'clay' without reaching
bedrock.
Variations in till thickness can be due to chan es in altitude
of rockhe.d or of the till surface or both. The borehole noted bove
is only anomalous because in virtually all seconded sections (e.g.
Fowler 19 6) the drumlin are composed of till, includin; rounded
stones, while the interdrumlin areas op ear to have relatively thin
cover of till. .hile not directly comparable, a bore ■" t 6843 4042
(Garter 1966 p.36), located between two crag and tails, showed 14 feet
of sandy boulder clay over rock while another in front of the southern
ridge, at 6834 3992, some 600 yards to the south, showed '73 feet of
till without reaching rock. several poor sections are known which
show moderate thicknesses of till in drumlins often resting in
bedrock, such as that at 8575 3892 where 25 feet of silty cloy resting
on rock is exoosed at the base of a drumlin.
Outside the area mapped in the present study, along the
Northumbrian coast and inland as far as the Cheviots, two tills have
long been known ( My the 1912, Fowler 1926, Carruthers 1932, P rsons
1966, Clapperton 1967 P»6). In places where both tills are pres nt
the sequence is, according to Fowler (1926), typically;
Upper clay-fower stones than lower equivalent, but
often of distant source.
Undisturbed junction.
Bedded sand and gravel (from 1 inch to 1 foot diimeter)
Undisturbed junction.
^ower clay-local stones, often large,rock headj often
disrupted.
He also stated that laminated clays are often found in the
•Upper Clay', Clapperton (1967 p. 10) recorded a section of two
tills in the ohipley Burn separated both by sand find gravel and by
lamin ted clays. Carruthers (1932) interpreted this general
succes sion as a monoglacial sequence, the 'upper clay' being
ablation moraine, a conclusion accepted by Clapperton (1967 p.8)
evidence of multiple tills nd intercalated sediments in ide
the V/e d b sin is much more poorly documented, Jne of the most
inter tin sections, ie c ibed by J. eikie • (I >74 p»158) from the
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LeiThen ,ater, showed two tills, the upper of which w s unconformable
on an eroded surface composed of contorted sediments and the lower
till (Section 4 in appendix 6), A borehole drilled in the course of
the site investigation for the fweedside Co-operative Store in
Berwick (999 528) revealed the following succession:
7' 0" Made ground
10» 9" Brown boulder clay
14' 9" Crey boulder clay
drey mudstone
In his classic original work, A. Seikie (1863) reported the




inches" eaty silt and clay+heath plant remains
fine ferruginous sand
2-3' coarse shingle
15-20' coarse stiff till
river surface
ihe considerable importance of this section is obvious, representing
the possibility of providing a maximal age for th upper till in this
are? by C14 dating of the plant remains. Field evidence suggests
there is no pos ibility of the upper till not being in situ.
Unfortunately, attempts to dig out the section proved abortive owing
to the present cover of trees and the addition of small tip heap.
nother important section was noted by J. deikie (1894 p.96 and
and p.119) on the upstream side of ieiipath Jorge (234 403) and
3ubseiu ntly by bckford and Manson (1927) when a landslip re-exposed
the deposits. Here till, including striated stones, overlies
laminated, gutta percha clays and this in turn overlies horizontally
bedded sands and gravels. Ihe junction between the till and laminated
clays is sharp and the whole sequence, when originally seen, extended
vertically for 50 feet above the river fweed. J. Gaikie, while offering
no proof, believed another till to underlie the sands and gravels and
stated that traces of the stratified beds had been found in nd below
the upper till for some distance up the fweed Valley. Hckford and
M nson (1927) found no evidence of any till in their section. It is
possible that Geikie's upper till may not be insitu as the hill slopes
in this area are steep.
several bores listed in Garter (1966) show 'boulder clay' from
5 to 52 feet thick and incorporating layers of sand or gravel. Others
exist (e.g. 25/220 on p.44 and 25A03 on p.48, Carter i960) which show
thick till overlying thick sand and gravel but with no underlying
till, identical to the situation at Mertoun Mill. Oections 3 to 7 in
Appendix 6 describe several examples of till overlying sand, noted in
the course of field work.
iii) Ihe equence of events in the Gl cial History of the fweed Basin
,'hile available evidence i much more sparse in the [Weed Hasin
compared with that in the Midland Valley of Scotland, it is >os ible
and desirable to outline a broad sequence of events. All previous
accounts either suffer from a lack of available detail or are
fragmentary and even inaccurate. As Gregory (1926) pointed out, the
o
Ion cc :pted map of ice movemen direction is, in places, up to 40
at variance with the drumlins. On! in Hagg (i960 p.33) is "the
usual description of this "Map showing direction of ice movement in
the South of icotland" (pringle 1948 p.81) qualified by the prefix
'-Generalised'.
No interglacial deposits are known in the pweed Valley as a whole;
those in the Jlitrig Cater are probably interstadial. Chile it is
possible that many of the landfonns are in part relict features
dating from an earlier glaciation, it must be assumed for the
moment that all were created in the last glaciation. Multiple till
sequences do not necessarily indicate anything other than a change in
direction of the overlying ice, and my sometimes even be independent
of that.
ihe presence of rocks of Highland origin such as schist, gneiss
(Gioodchili 1902) and possibly granite associated with recent finds of
Midland Valley Carboniferous corals in pwecddale are the main evidence
for what bissons (1967a p.126) has termed 'the maximal* glaciation in
this area. Presumably at some 3tage subsequent to the maximal
glaciation, the next known stage is that represented by section 1
(appendix 6) near Berwick (9827 5329). Ais shows till overlying sands
which a parently dip from west to east and in turn overlie clays,
laminated in part. A channel, revealed in cross profile on the
section, has been eroded in the clays and filled with 3and. Augering
revealed at ]sast 7 feet of these clays, while an analysis of their
pollen content by Br. . .. Newey yielded only Pine species, ■ 1though
Ca rboniferous plant spores were common. Recent examination of this
section showed the shell fragments incorporated in the till to be
apparently un triated -'1 though Buna (1384), in listing 13 species of
molluscs and derived Cretaceous belemnite fragments from now
obscured sections, noted that many were smoothed nd one, Cyprina
lol .ndica, was striated. t present, the shell fra rients are found
in greatest abundance in a contorted lens of s ni incorporated in the
till ^Flnte 2) However, other welt pro erved fragments were found
high in the overlying till, A thin section of this till, taken from
a specimen cut aporoxim itely 6 feet from the surface of an ice-moulded
ridge, at about 90 feet 0, J. (the gr .vel b nd occurs between 71 and
74 feet J.D.) and impregnated by J, Rose, showed shell fragments and
many coal erratics. Goal is also common in the underlying sands,
C14 date of greater than 41,000 years 3,j;, has been obtained for
those sh lis (Cissons 1967b), Clearly, therefore, both underlying
sand and laminated clays are older than this, although by an unknown
amount. Proof that the laminated clays are not purely local was
given by Fowler (1926). He recorded that at ;.lill Farm (969 528),
some 500 yards distant on the opposite bank of the river,
exposures in a clay pit revealed 15 feet of partly laminated clay,
brown to red in colour but li^iter on another face of the pit,
ilie orientations derived from four observations of 100
orientated fragments taken from the thin section of till, that
obtained by combining all 400 observations and a macro-fabric
obtained by digging a pit in the crest of the ridge are repro uced
in air or image rose diagram form as figure 4.1• apart from a
fairly obvious northeasterly trend on several of these diagrams, at
right angles to the coastline of the ridge, no clearly marked
consistent orientation is oresent. JJiat repeated sampling from the
1
same slide does not ..-how comparable results is probably due to one
1 - Considerable care was exercised in ensuring that the sampling was
done on .. rigorous basis. ihe slide was projected onto raph
p'-per and orientated fragments /ere delineated by their long axis
ystematicilly folio ing grid lines on the ;ra h paper ntil 100
, fragments were tnu located. dais process was then repeated by
swivell ng the slide to test /hether vi.:.uaa definition of what were
orientated fragments affected the final ori ntation. No flow patterns
were noted in the slide. iiie macro-fabric orientation i clearly
anomalous, even with respect to the varying micro-fabric. It seems
likely that this was obtained from ' we .there i zone, close to the
surface rnd therefore lacks significance; thus it is a result of
weathering and the field technique as much as of the original fabric.
of the followin factors:
a) the sampling technique is biased by some factor.
b) flow structures are present in the tila, causing considerable
local differences in the micro-fabric.
c) t ds is an atypical till and little preferred orientation
exists.
From this evidence it is po 3ible to compile a crude sequence of
events in the area from more than 4'3»Q00 year ago up to the present
day. fha absolute dating provided by the C14 eternination from the
shells must, ho /ever, be regarded as circumspect in view of the
considerable technical difficulties involved in treating helley
material (.ho ton 19 6). fhe clays must either have been deposited
in an estuarine environment, similar to that in which the Late-
Jlacial 'rai e 1 beaches' of the Forth estu r.y formed, or in a I ke.
.he only po sible b rrier to hold up such a lake in the lowest
re ch93 of the valley i foreign ice existing along the line of the
pr sent aorta >ea coast.
ubseju-nt to this, the sands were deposited but whether these
..re marine or fluvial and, if the latter, from direction they came,
is as yet unknown. It may be po sible to elucidate this problem by
etermining whether any foraminifera or other marine micro-fabric
exists within the s-uids. Although some of the shells incorporated in
che overlyin ; till are littoral species, the deeper-water nature of
some of the others associated with the presence of belemnite fragments
recorded by Ounn strongly suggests an ice movement, post-dating the
deposition of the sands, onto land.
Ihe present river course, culminating in a large meander in the
esuarine area, is deceptive when attempting to reconstruct the path
1
of 'Foreign* ice pushing up the tweed Valley. Jae presence of a
marked wave-cut bench at present mean sea level inside the estuarine
are ., associated with the total lack of coastal rock outcrops above
this level as far north as MU 004 529» suggests that this platform
passes und :r the till and blown sand deposits,extendin : short
istance inland. Much of the lower part of Berwick is underlain by
post-jl ci ML deposits and thus the physiography of the estuarine area
wa probably significantly different at this time. idle simplest ice
movement, requiring the minimal rise and fall over bedrock topography
to carry hells from an offshore position to the ite of section 1
would be east-southeast to west-southwest. It rnatively, the ice
may h ve overriden the north to south orientated ridge, on which
Berwick now stmds, from a variety of direction . ihe more
northerly the source the greater is the overland ii stance of transport
and aljo the greater the reiuired rise and fall of the basal ice (rock
cliffs 60 feet hi ;h in the Berwick area increase in height up to
200 feet near . arsh.xll e, lows (983 >7)
1 - used in this c .se denote all ice which did not all ori inate
within the Breed Basin.
Jhe cause of this ice movement onto he coast may be explained
c
by invoking the presence of Jcandanavian ice some small di oxne off the
present shore in the North tea dasin. ihus the onshore movement
could be composed entirely of this ice or be i. function of it, causing
jcottish ice to be deflected respectively south and north >n emission
from the Forth Valley and then landward in the ]erwick area. Jirect
proof of thin is lacking, in contr st with parts of he Durham coast
here .candanavian erratics have Ion,.; b en known (e.g. i'rechman i'Jjl)
Glapperton (1967 P«10) has by olhesised that the presence of
Bcandanavi n ice may not have been necessary to cause the deflection
of a combined mass of Highland nd .jouthern Upland ice flowing out of
the Forth Va ley.
Ih continued presence of offshore foreign ice has Iso been
suggested (e.g. J. j-eikie 1376) to account for the trend of the
drumlins (figure 4.3) apparently formed by the last ice in the area
(oissons 965 •379)• fhese seem to be mainly related to ice moving
down the Ifeviot valley, merging with tweed ice an flowing in a
bro dly south.ve . t to northeast direction, gradually turning clockwise
to flow from we t to east in the Berwick area and a arsntly swinging
a little south ard between Berwick and Anoroft (NU 002 452). fhose
erratics originating in the Pw.aed Basin (figure 4.5) and the striae
(figure i. ) generally • ree with this patern, illustrated in
figure 4.8.
fwo important pialificntions must be Bade about this evidence.
Jbe first of these is ieduced from the evidence at the sheixy till
action at Berwick (9027 5529). s shell fragments have been found
uigh in the till, guitp clo.^e to the . urf.ice of n ice-moulded ridge
which is orientated at 15 degrees (true north) nd is clearly related
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to a dovnvilloy ico overrent, these may be orivrl fivm the lower sections
of th till, presumably deposited b ice moving up vs.ley. Jxe
alternative ex 1 .nation, that the last ice movement in this area only
emoulled the existing till without substantially adding to it, implies
that in some places the ice-moulded features mapped may be iinehronous.
Indeed the laok of any consistent clearly defined microf brie as
already discussed, may support the concept of the p .rtial remoulding
of these upper parts of the till by the westerly origin ice, having
been first soaked to a pi stic state by proglacial meltwaters.
Che second lualifica ion concerns the nature of the evidence; in
he tri ngle whose a ices are Berwick, Coldstream and Belford, little
detailed mapping of the ice-moulded forms has been carried out,
e capt by Hla perton (19^7) in the uthwest and by the author adjacent
to the iV/eed. ihere is well documented evidence for an p roximately
north worth-west to south south-east ice movement parallel to the
present coast, illustrated by the glacial gouges nd striae on
•it, bb»s Bead to the north (fate -865, Milne Home I8C5) and to the
south by crag and tails, striae and meltwatcr yatems (.• arsons 19 6 ,
However, b cause of a 1 ck of field-work in the critical trian .ular
are* , there is no proof that the ice responsible for this orientated
relief nd that for the pweed drumlins were contemporaneous# An
nalysis of contour ori ntations, 3 carrie .• ju by urke (1966) in
the fort.. Valley or field map in-; of ri ;e crests might set le the
i sue but 3 get there i nothing to prove that the fweed drumlins
- re -ounger in - : than the orientated relief of the :Jorthumbrir>n and
e wickshire coasts, -».s issons (19b;, .478) implicitly su ;aste.i in
cons true tin,; his limits or .he berd.oon Lammernuir .eadv.nce nd
ssi ;ninthe drumlin:.; to ^his period, having sine.: '©iterated this
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ex icitly (1967a .131)•
Hie discovery by mythe (1912) of crossing srriae in several
locations, the older indicating an ice movement from west to east while
the younger concoried with the iTenl e>5 the present coastline
suggests hat, if oissons is correct, evidence of three different ice
movements may exist. Supporting this interpretation is the section
described by J. deikie (1074 p.208) from the cliffs near Berwick. He
described finding comminuted shell fragments in a 'boulder clay' over¬
lying gravel which in turn overlies till at this spot. If this
shelly drift and that already described from the Plantation (9827
3329) can be equated, the lower till probably indie tes an earlier
( -a. third) ice movement.
dissons is at present the only v/orker to have sug ested an
absolute date for the formation of these landforms. By tentatively
linking them with the Ab rdeen-Lammermuir Headvance and subsequently
(Bissons 1967a p.378) dating this elsewhere as occurring between 17
and 20,000 years ago, he has given an aproximate value for their
age. j * I'sons (1966)^ e pr liy tentatively, sug ested they mi ;ht he
related to the .,cottish Re&dvanoe (Penny 1964),its&lf poorly
ub3tantiated outside Cumberland.
vents in the fweel Va ley subsequent to the formation of the
.rumlins nd co'noiding with the first manifestations of deglaciation
re still little known but of considerable importance and will be
considered in subsequent Chapters. everal obvious derangements and
re-routings of drainage have occurred in the drainage basin and as it
is not usually clear it what stage mo L occurred, one at least
predating the last local jlaciati>n, the evidence for :hem will be
revi wed here.
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iv) jraina ;e iver :ions in -Jie xWevd dasin
iihe best known ii location of former drainage in the field area
occurs in the vicinity of Neidpath lorge. ihe drift stratigraphy on
the upstream side of this gorge has already been described, while the
jor ;e itself is a narrow defile, cut in rock ( late 25) On the
northern side of Cademuir Hill. Recen field work showed that
eposits -were almost entirely lacking east of the gorge as high as
6JO feet although fluyioglacial deposits are common above this
altitude. No striae were found on the apparently resistant rocks
exposed under Neidpath Castle. J3o the south side of Cademuir hill
runs a broad drift-floored valley (J. ,-eikie 1 74 p.181), now dry
and highest near its Sid—point at 232 368, s A section at 2179 3^72
in this drift stowed the following sequence, underlying a 10 degree
surface slope:
7 to 10 feet sandy clay with rounded stones, no strabi ication.
indistinct boundary
20 feet coarse gravel (2" or more in diameter; with some sand
and finer jravel lenses.
;..anor „ater surface.
the u per layer of sandy clay is interpreted s till or solifluction
material. No bedrock was exposed in the vicinity. three douol
(forward an - reverse spreads) seismic refraction traverses wex-e
c rried out in the bottom of the dry /alley, the mid-points between
each pai'- of ;eophone locations lying at 2215 3 44* 2416 5617 and
3o35 3779* the date deriired being tabulated in appendix 4. Ihe first
of ohese , ets 31 nd 32 ■ en on flat -round some 500 yards from
the section su.ested the following- stratigraphy*
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8.8 feet sand and gravel
2j5.2 feet till or saturated sand and ravel
exceptionally compact till
fhe two interfaces between layer.; 1 and 2 nd 2 and 3 also dip,
relative to the ground surface, from east to west.
rhe third pair of traverses, sets 35 nd 36 provided results which
suggested the following interpretations
7.5 feet 3 ind and gravel
till
fhe minim 1 depth of till, calculated by assuming a value of
10,000 feet per second (similar to values obtained on rock outcrops
elsewhere in the are.) for bedrock is approximately 49 feet.
Lets 33 Pnd 34,the second pair of traverses, were unsatisfactory
in that considerable break;; occurred in the time/distance gr& h.
i.gure 4.9 illustrates the graph obtained in comparis n with the
satisfactory graph from sets 35 and 36. kich discontinuities, formed
when it was found impossible to obtain a lower or higher reading
comparable to the previous ran a of values obtained, were noted by
Johnson (1954) • nd cribed b him to local velocity inversions. fhis
ex 1 nation, invokin;, ay, a shallow lens of clay within sand and
gravel is also accepted by ... KcKnight, a geophysical consultant
( 3, . comm.), altho gh other worker have u; ested the presence of
buried ch nnel or instrument failure as alt rnative causes.
espi e thi unsabis 'uctory result,, s israic evidence bands to
confirm that a .ubstanti.-l volume of glacial and fluvioglacial deposits
exists in the jndemuir channel. Long ago, the younger Jeikie (1874
p.182) said that this channel was paved with river gravels and that
the gweed once flowed throu ;h it, diverted by 'the alterations of
.-.bout by the in rive ;laci« r that cut throu ?h the
surface brought
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the gutta percha olays and deposited the tumultous ma3a of till above
them, and the modifications of level induced by denudation in later
glacial times#" A development of this argument would be that ioe,
advancing down the 'tenor Water valley,blooked the old course of the
Tweed to the south of Cadeauir Hill, This led to the formation of a
lake in the Tweed Valley, oerhaos extending as far up valley as the
nearby Tweed ioe front and draining over a col at 'Jeidpath. The
cover of till over the olays (which are believed to be lacustrine in
origin) demands the extension of the ice at this or a later period
over the whole area if it ia in situ. Erosion of the ool, in
aaaooiation with deposition in the old channel must have been such
as to render the former course impossible on deglaoierisation, In
1961, "rice suggested the gorge may owe its present form largely to
aubglacial erosion by meltwaters.
The present Tweed water level in the Heidpath area is approximately
530 feet 0,D.| the southwest to northeast ridge, oomraenoing near
Crosshouses (220 304),which separates this river from the Manor Water,
varies in height between 640 and 630 feet. The evidence quoted above
shows that rockhe&d in the Csderauir channel is below 653 feet Q.D. at
the west end (2179 5671) and possibly below 545 f®®t at 2525 3779, Two
viable explanations exist for the considerable variations in rock surface
altitude! both my be correct in o&rt. The first of these is that the
dry ohamel contains very thick deposits, of the order of 150 feet or
more, and, along with this, that a buried channel plugged with drift may
occur in the southwest to northeast ridge, representing the old channel
of the Tweed, Alternatively, it is possible that glacial erosion, partic¬
ularly in the Tweed Valley, as propounded by (Toodchlld (1932),has grossly
modified the rockhead topography since the Tweed last flowed through the
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Caderauir channel.
ieveral oth r lees massive drainage changes were noted in the
Lower Tweed area by jomervail (1910). mong his sug estions were that
the Tweed once flowed thr ough the dry ch ,nnel on the south side of
,ark Kaim (820 337) and that the .hiteadJer once ran in the now-dry
valley from 730 598 to 765 580, rather than in the present route via
bbey t. Bathams. He also 'suspected' that the Bowmont once flowed
north-northeastward past The Hag/ (861 354) to join the Tweed direct
instead of flowing southeastw-rds to merge with the Colle :e Burn,
This he based on sections in sand and gravel at 859 555 which he
believed to e blocking the former course. From morphological
evidence, he inferred that in pregl&cial times the Kale ,.ator flowed
e stwards rather than westwards from Moreb ttle, joining the Bowmont
n r Town Tethola (822 285), rather than the Teviot as at p esent.
Both Butler (1904) and Clapperton (1967) accepted that a former
course of the fill lay along the Crookhom to Cornhill depression.
Common (1953) postulated that th trough of low ground between
Cheswick (032 466), Beal, Felkington and Norham (900 474), opening
onto coastal low-lying alluvium, may have been the line used by the
Tweed in 'preglacial' times. previously unrecorded dry valley of
substantial size, partly infilled .with ti .1 and fluv4o£Lacial
deposits occurs between jprouston Btation (759 353) and 790 370.
It must be conclude i that on morphological evidence lone that
numerous chan :es in drainage orientation have occurred in late
leistoc ~ne times in the Tweed '3asin but until better evi 'once,
■inerily in the form of borehole control or the provision of sections,
i. vailable, the possible increase in knowledge of their origins and
:ubseiuent hio ory is limited.
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CHAPTER 5
T3RRACB PRAGUENTS A;IP RELATED FJ.jJVIOSLACIAL FEATURES BETWEEN BSRHXCK
Aim FLEURS CASTLE.
For convenience of description of the looal and regional variations
in distribution and form of the terrace fragments within the field area,
three major sub-areas have been delineated. The first of these covers
a strip adjacent to both banks of the Tweed, extending from the mouth
of the river as far upstream as Fleurs Castle (711 347)» near felso.
This has been further subdivided into three smaller sections, while in
a fourth the evidence for a buried valley of the Tweed in this area is
considered. Normally terrace fragments are described in an upstream
progression throughout each section.
A, The Berwick to Coldstream area. (Figures 5»1 and. 5.2)
Clear ice-contact forms are rare in the lower Tweed Valley, the
only known examples of any significance inside the field area proper
being the kames between Mount Pleasant (953 599; and East Lo&nend
(945 507)» believed to be such from their morphology; a section at
9475 5065 showed 3 feet of bedded sand overlying coarse gravel of un¬
known depth. Milne .fame {1375 p.533) recorded 30 feet of sand being
found in one borehole near this point which did not reach bedrock. A
small sinuous ridge at 953 493 is probably an esker. To the southeast
side of the northeast - trending ridge on which this esker lies, a
large meltwater channel, commencing near 055 490, runs for approximately
2.5 miles northeastwards to last Ord and Tweedraouth. Claoperton (1967
p. 236) suggested this had been cut by waters originating from the Till
gorge, presumably initiated in a sub -lacial or an ice-marginal position.
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0aa.ll kames were also satmed at 894 450 and at 869 420, where gravel
and aand soma 5 to 4 feet thick were seen to be overlain by 2.5 feet
of silty sand.
The only fluvioglaoial features known to be associated, in this
area, with terrace fragments are the kames near *ount Pleasant although
P 840 on the opposite side of the river, steeply inclined from front to
baok, is fed by a substantial dry channel commencing above 160 feet O.D.
Similarly, a northwest-trending dry channel feeds the large flat at
just over 100 feet O.D. above ilorhaa Boathouse (895 465). At Mount
Pleasant, however, the kames are succeeded downvalley by fragments 863,
965 and 867. These are rather irregular in morphology, being slightly
domed in the centre and the most likely explanation of their origin,
bearing in mind the lack of sections, is that they are iee-ooulded
ridges, the crests of which have been eroded by meltwaters and the
intervening depressions largely filled with outwash.
The existence of surmased river terrace fragments in this area was
noted by Fowler (1926 p.34)» who stated that at Yarrow Slake, three
such features were visible, the highest 50 feet above the river. Between
iforncliffe and Norham he observed two terraces ,the higher being about
40 feet above the river while at the latter spot "numerous gravel
spreads" were said to occur up to 50 feet above the same datum. The
relict fluvial nature of Oroat Haugh, raapoed in this study as F 793»
was suggested as long ago as 1895 by Ounn. Later ringle (1948 p.83)t
in a generalised and relatively inaccurate account, grouoed Lower Tweed
terraces into those 60 - 89 feet above the river, those 20 - 50 above
the s"me level and others, equating these groups with the now discredit
~ed 100, 50 and 25 feet raised beach sequence. Sissons (1967-5 p.117)
invoked a different model of terrace evolution in stating 'Along its
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lower course from Berwick to beyond "Kelso the river is bordered by
an almost continuous belt of fluvioglacial deposits that forms numerous
terraces close to the river itself. A given terrace may be traoed
upstream from the level of the floodplain to a height of 30 to 50
feet above the river before it dies out. eanwhile another terrace
has often appeared at a lower level and this way in turn be followed
in a similar manner."
Unhappily, the sequence is more complex than suggested by any
of these authors. Only in one case in the Lower tfhiteadder valley,
for example, is the 'en echelon' arran eraent of fragments known to
be obvious: in general the relationship between higher and lower
terraces is often much more subtle than can be brought out by field
mapping alone. In many ways, this area contains the most difficult
of all geomorphological problems in the Tweed Valley. .Vide expanses
of flat or gently undulating topography, constituting high level
flats", are ubiquitous as far upvalley as Ladykirk (888 476) and
1 The terra high level flat is used in a general context to denote
remnants at least 60 feet or more above the present river at any
one point. Likewise, the expression 'n feet above the river' should
not be taken to imply that the fragment is parallel or sub-parallel
to the latter. Rather it is a deliberately vague statement, intend
-ed to be accurate only to - 5 feet and therefore presents consider¬
able possible variations in terrace fragment gradient as even the
largest remnants rarely exceed 0.5 mile in length.
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spasmodically thereafter until Coldstream, Included in this category
are fragments 716, 713, 755, 769, 731, 794, 796, 815, 825, 327, 335,
837, and 845* It rs found impossible to map many others beoause of
substantial height variations over low angle slopes with no marked
discontinuities. Of the examples quoted the flattest and possibly the
largest is F 794 in the area of ^infield aerodrome which succeeds
druralinised drift and drumlins proner in a downvalley direction. This
flat is apparently continued from about Habdean (925 523) downvalley to
Cainslawhill (953 526) by fragments 796 and 798,
Milne brae (1375 o»539) described a section along the river from
Union Bridge (935 511) to 959 522, underlying this large surface and
consisting of up to 90 feet of sand and gravel overlying irregular
roclchead topography. Today no good sections are exposed in the area,
that in a gravel pit at 9390 5226 showing 15 feet of stoney clay over¬
lying 10 feet of fine sand, the junction between thsm being transitional
over a vertical distance of about 9 inches. Hock was exposed under the
sands. In a very poor section some 300 yards to the east, 20 feet of
atoney clay appears to overlie approximately 4 feet of fine sand which
in turn overlies more clay. The former existence of axton tile works
on the edge of this flat suggests that a non-stoney source of clay was
available. Virtually the only other section known under these high
level flats is at 923 517 where 10 feet of drift, much obscured by
clayey surface wash and slumping, overlies bedrock in a pulley. The
equivalent depth of drift in a similar gulley cut into F 859 on the
other side of the river is approximately 20 feet, Augering through
F 794, 796 and 799 generally revealed at least 3 feet of clay or
sandy clay constituting the uppermost terrasiform deposits.
Thus it is far from clear from available evidence if all or any
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part of these deposits is glacial outwsh or till. The numerous
rounded stones littering much of the ground surface (except where
cleared by farmers), often up to 1.5 feet but normally between 2
and 4 Inches long, are potentially misleading? it has already been
pointed out that many of the till sections in the Tweed basin include
such stones. It may be, however, that two or more different origins
account for these flats, as in a section underlying an unnumbered
terrace remnant some 200 yards east of Lennel Church Yard, the follow
-ing succession was noted, with quite sharp junctions between adjacent
layers s
Ground surface
1 foot soil profile
1.5 feet large boulders, up to 1 foot diameter
2 feet gravel, up to 1 inch diameter
2.5 feet coarse sand, with indistinct near-horizontal bedding
1 foot gravel, up to 0.5 inch diameter
8 feet fine, medium sands and silts, interbe-lded and slightly
contorted
Micaoeous sandstone
The fine sands include interdigitations of rounded ravel up to
2 inches diameter. Thus here there is no evidence of till and these
deposits are provisionally interpreted as ice-distant glacial out-
wash. flaldane (1949 p.l6) noted the existence of pits showing small
gravel underlying P 726, a similar high level fragment at 'lilne
Ora-den.
Even where the problematical higher flats do not occur adjacent
to the river, some difficulty was often found in mapoing the vertical
gradation from obvious terrace fragments at lower to drum!ins at
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higher levels, owing to the low angle slopes and flat crests often
associated with the latter# This w^s particularly a problem in the
(grounda of I/dykirk louse where the relatively narrow fragments 742
and 740 may indeed be ice-moulded ridges, modified by meltweters and
subsequent slooewash to flatten their cross profiles# The same difficulty
was experienced in the area between the river and St# Oathberts (071 425s
and in a similar tr* ct between the river end Horhaa .'eat *ains (016 431)#
In both of these locations the subdued forms of what are ooasibly ioe-
aoulded rid ©s, compared with the much sharper forms higher up the
slope confirm the plausibility of aeltwater modification of their
original form# In general, this problem was net wherever the orientat
-ed relief parallels the present course of the river# ohere the
valley meanders across the groin of the relief, as at 890 465, much
leas ambiguity of interpretation is possible.
the*most striking and yet puzzling example of a flat-topped
ridge paralleling the present valley occurs southwest of Berwick
where fragments 371, 977# 879 and 891 constitute parts of what any
be on© feature# The flat top of the ridge extends over too wide an
area to be due entirely to human interference. In contrast to the
local eastward trend of the relief, this feature trends northeastwards
end is also noteworthy because the tile works at Mill Terra (Chapter 4)
extracted sionelesa clays, laminated in part, from the northwest
extremity# The triangular area contained between this ridge, the oast-
trending relief immediately to the south and the river, on which fl*t
most of Tweedraouth is built, is also of considerable interest, A
small channel with a marked up and down long profile breaches the
ridge at 935 522 while another formerly drained the lower-lying tri¬
angular area to the east through Ladywe11 housing estate but has sow
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been partly infilled. Boreholes for a heavy Vehicle Testing Station
around 939 525 shov7ed black peaty material at some 11 feet from the
surface, this being overlain and underlain by red-brown clay. It is
likely that this organic material represents the surface vegetation
before contractors carried out earth moving operations some ten years
ago. A bore at 9311 5192, almost certainly through undisturbed ground,
showed 20 feet of till.
Very much clearer intermediate level terrace fragments were found
in several parts of the sower Tweed Valley. In many places the gorge-
like nature of the valley precluded anything other than the ubiquitous
near-river remnants, possibly present-day floodplains, but on the
insides of meanders, such as at Ladykirk 'louse and below riorhaia Jest
Mains, well marked features were found. The greatest number and com¬
plexity of these occurred at river junctions. Three certain and one
possible (F 769) fragments were mapoed on the south side of the Till -
Tweed junction while at Cantys Bridge (957 526} the best preserved inter
-mediate height fragment in the tower Tweed Valley emanates from the
mouth of the V/hiteadder, apparently cut into the high level F 793, and
may be continued down the Tweed valley as the extensive F 013, Two
hollows on the surface of this remnant, built up against a truncated
drumlin (974 525), may be shallow kettle holes, appearing to lack
outlets,but equally may be largely-infilled stream courses. Gut into
or banked up against the frontal scarp of F 818 are F 822 and 324, the
long profiles of which, from mapping evidence appear to be 'en echelon'.
Fragment 824, which has a very stomey surface, appears to pass below
the widely developed but near-stoneless F 826.
Right bank intermediate level terrace remnants, equally well
defined, exist slightly farther up-Tweed (F 347 and 049) • The former
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fragment bifurcates around a north-south orientated ridge at 945 517#
being continued to the south by P 855• This ridge, oerhans a knoll
of bedrock is also surrounded by two channels, both lower than P 347
or 855# the western one relict and the eastern occupied by a small
stream. Fragment 831, some 40 feet above the present Tweed, has a
marked baokslope in cross profile and is irregular in some parts,
particularly around 917 495# where erosion has removed much of the
front.
The sub-surface constitution of these fragments is largely
unknown. Only in a gravel pit at 8725 4342 is there a good section
in such terrasiform deposits, in this case underlying P 783 (Plate 8 )•
Here the exposed section was;
3-4 feet unbedded silt and pebbles with a few boulders up
to 1,5 feet diameter.
Sharp junction.
12 feet horizontally bedded rounded stones up to 2 - 3
inches diameter in a sandy matrix with some boulders
up to 15 inches diameter.
As the seotion is not directly under the terrace fragment but
rather is under the slip-off slope leadin: down from it, the silt
overlying the gravel may be the result of hillwash and creep, especially
as the bedding on the much steeper western face of the pit is trunoated
parallel to the surface slo oe by similar material. The section may
represent not the terrasifora deposits underlying P 733 as believed
when originally mapped, but rather an upstream projection of the deposits
under the lower P 735, partly covered by wash from the higher t- rrace
fragment,
Ffuch thinner drift is known under parts of similar terrace fragments.
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At 8850 4555» under the upstream end of F 733, the following sequence
w^s observed:
2-3 feet gravel up to 1 inch diameter
1.5 feet gravel up to 8 inches diameter
3 feet silty day with occasional stones
Bedrock
No available sections were suitable to permit any relationship
between the rounded stones common on medium and higher level terrace
fragments and the nature of the terrasiforra deposits to be observed.
Lower terraces and terrace remnants are ubiquitous throughout
the Tweed Valley but, although easy to demarcate in mapping, defy any
correlation by simple inspection in the field of their height or the
underlying stratigraphy. Commonly the latter is exposed in river banks
but almost invariably oonsists of fairly homogeneous silty sand with
faint traces of bedding and occasional gravel lenses. Variations in
frn pient height may represent the dissection of one backsloping frag¬
ment by scour routes or the result of distinct but vertically close
stages of river downcutting.
i'he degree of dissection of the terrace fragments differs
appreciably in soale and kind, iany of the high and some of the medium
level flats are trenched by deeply incised tributary valleys, common
along this section of the main valley and Invariably extending to
the present river surface. The most spectacular of these incised
tributary valleys are that of the Till, cut 70 feet or more into
rock at 385 434, and the 100 feet deep, steep-sided, now almost-dry
valley terminating some 150 yards south of Norhara Boathouse. The
latter is especially remarkable for the extreme rate at which it
becomes incised, attaining a depth similar to that at its termination
114
after only 250 yards from its source near East Newbiggin and then
flowing to the Tweed in a zigaag course dictated in part by the lowest
path between drumlinised relief, There is a general absence of terrace
fragments within this tributary valley but, in contrast with this, the
Till Valley contains several remnants near its junction with that of
the Tweed,
Pew medium level terrace fragments are large enough to permit the
tracing of relict channel patterns, Even large examples seem devoid
of such features except in marginal areas, suggesting surfaoe resorting
and post-formational infill of channels. Lower fragments are frequently
modified by dry channels (e.g. P 806 and 788) and in some oases these
may virtually obliterate the original form. An exaple of this is
afforded by P 833, under Ifomcliffe village, whore a channel scars
the fragment at its upstream end and a fan impinges on the downstream
extremity,
B, The Cornhill to .ark Area. (Figures 5.2 and 5.3)
Few sections of the Tweed Valley have been discussed in 30 much
detail as that containing the sand and gravel deposits that extend
eastwards from Cornhill to Orookham, Much of the early literature,
including that by Stevenson (1864 and 1874), "earns (1365), lilne
Home (1875), Sunn (1395 and 1897), Goodohild (1898), Gregory (1922,
1926a), Fowler (1926) and Carruthers (1932) described and discussed
these sands and gravels or adjacent similar features in varying degrees
of detail. It seems lively that Anderson (1939 p.320) referred to
one of the parts of this system when he stated that "a mound of sand
and -ravel one mile south of Coldstream is flat topped at that level"
(149 feet O.D.), Recently, both Laws (1966) and Clfioperton (1967)
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have added to the knowledge of the form and origin of these deposits.
Although moat of the system lies outside the present field area, these
deposits must be considered as they could be of considerable significance
in relation to the high level terrace sequence in the Coldstream to
Berwick area.
The best early description of the morphology and structure of
the features was given by Gurrn (1895 p.76), who stated that the western
boundary of the sand and gravel "seems everywhere to occupy lower ground
than does the boulder clay adjacent" while the other drumlins are
typified by Blake Law whioh "rises like an island of clay out of the
billowy sea of gravel." He described the latter deposits as consisting
of "layers of sand and gravel (which) are twisted or contorted
as if formed by an eddy." (p.74)» In the main, the deposits appear
to be composed of dirty sands and gravels, often highly contorted and
occasionally including seams of clay. Clapnerton (1967 p.250), in
describing the system in some detail,said that: "ice contact slopes
bounding the ridges and terraces are everywhere steep and freshly
preserved. The majority of the ridges are massive, the... crests
standing frequently 60 to 120 feet above adjacent depressions.
extensive terraces (exist) pitted with kettle holes and fringed by
crenulate ice contact slopes...... In some places, terraces are connect
-ed by narrow ridges." The depth of peat infill in and size of the
kettle holes can be judged from the complete entombment of a railway
engine in one after a derailment during the construction of the Berwick
to Kelso railway,
,/hile Gunn did not venture an opinion on the origin of these
spectacular features, Carruthers (1952 p.150) entertained few doubts
on this question, He viewed the deposits as a kame moraine, formed
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of water-sorted sands and gravels washed onto the surface of the Tweed
ice margin. These sediments and the water transporting them were
supposed to have originated in the Glen/Bowraont Valley, which he post¬
ulated to he largely ice-free at that time. Clapperton (1967 p.252)
has oritioised this interpretation on two grounds:
"1). If the Bowraont/Glen valley was sufficiently free of glacier
ioe to allow the transport of large quantities of sand and gravel from
the northern flank of the Cheviots,it is more likely that this would
have been confined to the pre-existing valley of that stream rather than
be transported over the watershed and onto the Tweed glacier lying some
distance to the north.
"2). Detailed mapping of the sand and gravel deposits illustrates
that they are arranged in long, prominent ridges or terraces, olearly
aligned either from west to east or from southwest to northeast."
Clapperton proposed an alternative model of the evolution of the
system which is illustrated in figure 5*4. Initially, it was suggested,
the water depositing the sands and gravels flowed eastwards, turning
northeastwards at the east bank of the present course of the river Till,
as indicated by the alignment of several eskers, and entered the large
llaydon Dean meltwater channel near Duddo. This channel, cutting through
the west-facing escarpment of Pell Sandstone, is believed by Clapperton
to have been initiated subglacially but to have become a proglaoial
feature while still in active use. The two inlets are at approximately
225 feet and 200 feet 0.D, - figures identical with the heights of the
two highest sets of kame terraces in the Crookham area.
A second and lower stage is represented by kame terraces of nltit
-udes between 150 and 175 feet in this same area. There is no breach
in the escarpment as low as this so, in comjunction with the eastward
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cessation of the sands and gravels at the upstream end of the 'fill
gorge and the lip of this gorge being at an altitude of 150 feet O.D.,
Clapperton postulated that at this stage the water drained, subglaoially
perhaps at first, down the present course of the Till, cutting a sub¬
stantial gorge in bedrock. lie claimed that "much of the raeltwater
drainage from the mid-Tweed area (including the Ettrick, Yarrow, Oala
and Leader Waters) possibly entered the depression between Comhill
and Etalj the route to the sea presently occupied by the lower Tweed
was probably foazmed much later," (p.509),
Intervening between these two stages, a glacially-dammed lake
formed in the fill basin in which at least 70 feet of lacustrine clays
accumulated in one part. These sediments, in what Butler (1904) termed
Lake Ewart, are overlain by an outwash delta, the largest part of which
is believed to be approximately contemporaneous with seoond stage.
Despite this being the best interpretation on the evidence available,
several anomalies persist. One of these is the non-existence of stagnant
ice phenomena in much of the Till Basin although well preserved between
Cornhill and Crookh&m in the west and around Hedgeloy in the east. This
led Carrothers (1952) to postulate that all the intervening material had
been swept away by the rivers Till and Olen. Sissons (1965 p.477» 1967a
p.130. has suggested an alternative explanation by implication, that
the western deposits nay be related to the marginal zone of the Aberdeen
- Lamraermuir Readvance.
A minor modification to the Clapperton model may be necessary in
view of the evidenoe which exists for a late stage water flow to the
west, compared with the continuously eastward flow that he envisaged.
'
feltwater channels such as that merging with or going under F 721 at
83 380,which is incised into t e sands and ravels by about 30 - 4o
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feet in its lower course, suggest this westward flow and also perhaps
that at both early and late stages water originated not only from the
present Tweed valley but also from the Upper Bowmont. Further evidence
to support this includes a gravel pit at Cleghorns Khowe (8618 3711),
which showed the following section, with the bedding dipping at 10
degrees to the eastnortheast:
4 feet of sand with small gravel
30 feet of fine to medium sand, often forming ripple-marked
horizons
Two other channels in the same area commence by running towards
the northeast and then swing northwestwards, merging to form the large
channel desoribed above.
It is possible to trace this belt of karaes, kettles and kame
terraoes farther to the west than previously noted. The flat-topped
sand and gravel mound labelled F 757 at 8560 3924 in Cornhlll and a
small east-west oriented gravel ridge commencing 150 yards to the west
of this, just poking through the surface of F 739» are outliers of the
much larger system. Similarly, the sinuous ridge forming the northern
boundary of F 739, itself bounded on the north by a kettle hole and
s«nds and gravels of amorphous morphology, is believed to be an esker,
continuing the overall east to west trend of the system and being
truncated by the present river. An up and down channel bisects the
ridge, draining southward away from the kettle hole. Huraerous stones,
sons up to 1.5 feet in diameter, litter the esker surface; one was
found to be markedly striated.
tfest of the river, at 8467 4007, a section between 82 and 88 feet
O.D. and some 20 feet belt, the ground surface revealed bedded sands
and fine .gravel ud to 1 inch diameter, the latter in lenses. The
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bedding was often contorted and quite frequently faulted (Plate 10 ).
Similar lithologies were noted at higher levels some 200 yards to the
east. In contrast with this, en exposure at 8320 3915 showed 20 feet
of fine to coarse gravel, up to 12 inches diameter with only occasional
thin lenses of sand, overlain by up to 10 feet of silt with incorporated
gravel. Only over small areas at these altitudes is the surface
morphology flat enough to merit the term 'terrace fragment.* According
to flaldane (1948 p.l6), Coldstream itself is situated in the midst of
an extensive area of mounds and ridges of fluvioglacial material, and
also of river terraces. In recent years building has obscured much
of these.
Two miles to the west of the Cornhill sands and Travels and
apparently entirely separate from them except for a 300 yard long
sinuous ridge at Learmouth Siding (848 380) and another (largely buried J
at 827 383» is the hark Xhim (Plate 13). The terra kaim, used in the
old Soottish sense as a mound, either conical or sinuous and usually
earthen although occasionally of rock, was used at an early date to
describe fluvioglacial features in this part of the Tweed Valley, the
most notable examples being that at Wark and another at Bedshiels
(Goodohild 1898). The former is approximately 1,000 yards long and
up to 50 feet high, modified in its centre by the ruins of Wark Castle.
In the main, it is a share crested ridge, steener on its south side
where it overlooks a dry valley, "t both up-and downstream ends it
is composed of two parallel ridges which, in the former location, have
been made flat-top;>ed for agricultural pureosos and ease of road-building,
while the village of Wark lies athwart the lower of the two ridges.
Mearns (1365) described a section at Wark (835 387)* now long over
-grown, as consisting of 24 feet of bedded sands and gravels in layers
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of varying coarseness, dipping outwards from the centre of the ridge.
''
lena of clay, 60 feet long and over a foot deep, containing one
large and no small boulders, also occurred in the section. A new
exposure, visible for a few weeks in 1966, is reproduced as section
19 in aonendix 6,
The earliest known non-mythical interpretation of the origin of
this feature was provided by Stevenson (I864) who suggested it to be
a marine spit. "Teams (I865) conclusion was that it was formed by
currents in a former sea, a view with which fine Home (1875) readily
accorded. Goodohild (1998), in dealing primarily with the morphological
-ly similar but longer Bedshlels Kaim, decided this was a glacial
feature and probably represented a crevasse filling, Gunn (1895) and
Gregory (1922) looked uoon the Wark kaim as an eroaionnl remnant, part
of a sheet of s?n& and gravel formerly contiguous with that in the
Cornhill area. In view of the section described by learns which showed
bedding sub-parallel to the sides of the '£aira and modem knowled?-e of
suoh forms, it is impossible to avoid the conclusion that this is a
large esker.
The relationship of the terraces and terrace fragments in this
area to the ice-contact fluvioglacial landforms can be summarised as
follows. Virtually all of the low terrace remnants, such as F 743, 749
and 731 ?ro clearly unrelated to these systems. A typical section in
deposits underlying such a low terrace (F 721) at 3545 3913 consisted
of 10 feet of silt, overlying 1 foot of rounded coarse gravel above
the surface of the Tweed* Surface disfigurement bv dry channels is
common, as on F 692 and 694. The former course of the Lent Water,
joining the Tweed at 8425 3900, is represented by an 3-9 feet deep
dry channel and is presumably fairly recent. These surface irregularities
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are rare on terraces only 10 feet above the lowest flats, which suggests
these flats are divorced from the erosional effects of the largest
floods known at present, such as those of 1831 and 1948. An examination
of maps on a scale of 1/25,000 of areas inundated on the latter occasion
(pers. comm. 0.3. Baston) revealed that only the lowest of terraoes
were covered by flood waters at this time. Due to the upward increase
in valley widtn, however, the increases in altitude of the river surface
by amounts such as 9»5 feet at Fleurs Castle represent very considerable
increases in discharge.
In common with the low terraces the intermediate level terraoe
fragments (there being virtually no high remnants in this broad section
of the Tweed Valley) do not appear to be intimately related to the
fluvioglacial features. The relationship, however, is much more complex
than that between the ice-contact features and the low terraces. In
several locations, it apoe-rs that these intermediate level flats bury
kames and other fluvioglacial features. At 827 383 and 854 393 ridges
of srnd and gravel are almost wholly buried beneath terraoes,while the
fragment P 687 appears to run into the dry channel south of the Wark
kaim and emerges as P 719. The extent of this latter remnant, spreading
around both sides of the downstream end of the Kaim suggests a once -
complete enclosure, while the form of the e-jker suggests that this frag¬
ment may mark the post-glacial 'Fluvial limit' in this area.
On a local scale the effeots of human agencies in making or modify¬
ing terrace fragments can not be dismissed. It became apparent that
detailed mapping in urban areas is fraught with hazards where no sections
are available} even small scale contracting work and landscaping can
significantly alter the surface morphology, usually tending to increase
the number of terrace remnants. 'Cnown modifications in this area include
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the existence of a now-disused graveyard north of the .ark Kaim
('learns I865) and the removal of the crest of a kame near Cornhill
as ballast for a railway embankment in the mid-nineteenth century.
C. The ,'fe.rk to Pleura Castle Area.
The ohang® in valley cross profile from a narrow incised form
below Cornhill to a broad , dished form above the village for 15 miles
upstream results in the continuation of the basic pattern of many low
and medium level terraces,already established in the «>rk to Cornhill
area,as far upvalley as Fleurs Castle and Tweedbank. As a further
result, ice-moulded forms are frequently visible quite close to river
level, as at 770 J04 where the downstream end of a drumlln disappears
below terrasiform deposits only some 25 feet above the river.
exist in this ares
Several eskers, the most notable of whioh is that commencing at
Home Farm (7066 3505) and running northeastwards for 1.5 miles although
Baldsne (1940 p.15) claimed that it re-commenced at Hessington (737 414).
Another, 300 yard-long esker parallels the upstream section of that at
Home Farm. For much of their length, these eskers run along the hollows
between ice-moulded ridges, probably drumlins. This complete concord¬
ance with the underlying topography suggests they were formed at a
late stage in the local deglacierisation, when the ice in this area
was very thin indeed. Many of the hollows between drumlins are partly
part
infilled, probably in by final stage fluvioglacial deposits, "arae and
kettle complexes were found in three main areas adjacent to the Tweed.
The first and most interesting of these is in an area to the south of
Re&don (776 375)• Here a dry valley (Chapter 4) contains ridges, mounds
and closed depressions; although no sections are now visible, the surface
of most of this area is littered with rounded gravel up to 4 inches
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diameter. These features occur at both up- and downstream ends of a
large high flat, F 679, measuring some 500 yards across by 1100 yards
long. The ridges, below the level of the latter surface, are arranged
transversely to the downvslley direction. Other kames , a 600 yard-
long esker and what apneara to be an isolated terrace fragment with
a very steer backslope also exist within the dry valley. Bedrock is
exposed in several spots on the south side of this valley (7960 3725 »
7890 3635, etc.) and it seems that here the drift cover is thin. The
exit of this dry valley, now blocked by kames, probably re-enters the
present Tweed at vViel Plantation (790 378). Blocking may be partially
accomplished by till as exposures of this were seen in small stream!
sections. A larger section of grey-blue till was recently exposed in
a landslip a short distance away at 7970 3816.
With the exception of P 679, all the terrace fragments manned in
the vicinity of the dry valley seem to postdate any major water flow
therein. The remnant P 649, for example, swee-ns around the entranoe
in a dogleg form in plan, apparently ignoring it although within a few
feet (vertically) of the rim. Traces of higher flats, such as P 651,
were noted adjacent to the disused railway and these may be related
to wter flowing through the valley.
The large fragment 679 is unique in the Tweed valley: bounded at
both ends by transverse lower ridges, to the south by a wide, partly
infilled dry valley and to the north by a steep slope to much lower
terraces and the river, it is completely isolated from higher ground,
standing plateau - like in the middle of the valley. A kame and a
kettle hole exist half way down the steep northern slope, followed
downvslley by a narrow terrace fragment, P 675* The surface itself
is creased by two dry valleys trending, like the plateau long axis,
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east-northeastwards, except that one swings northwards for a short
dintance at 778 370.
No seotions are exposed around the flat* For this reason a series
of seismic traverses w»s made parallel to the Reddon - Gateside road,
commencing at 7791 3697 and terminating at 7774 5725* The results
are tabulated as sets 53 to 56 in appendix 4 and the interpretation
is portrayed in figure 5»5» This suggests a surprisingly thin drift
cover, possibly of very loose sand overlying the local bedrock (Calcifer
-ous Sandstone), and varying between 4 and 10 feet in depth. In the
north, where the drift was thickest, a layer of wet gravel was also
infered from the results. The velooity values for the lowest layer of
7 - 8600 feet per seoond are slightly low for sandstone in this area,
but the marked velooity breaks at the seisraically significant surfaces
and the low degree of scatter of points about the best-fit line, with
no discontinuities, suggest no significant lateral variation in sedi¬
ment density and that some confidence can be placed in the interpretat
-ions, Augering at 7790 3700 revealed 4 feet of loose sand with a
little sandy olay, entirely consistent with the interpretation of seismic
evidence, liedrock was not reached at this death.
The only other flat at all comparable with F 679 is that on whioh
Eleurs Castle itself is built, possibly continuing eastwards above Angro-
flat Plantation, although flat-topped ridges, such as that on which
Birghara is built, are not infrequent. Milne Home (1875) long ago pointed
out the Fleurs flat but it was not possible to survey this owing to
official restrictions. No major morphological discontinuities were noted,
including a complete absence of any kettle holes. Nonetheless, this
may represent -lacial outwash deposited between the ice-moulded ridges
to the northwest and southeast although the possibility of substantial
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human interferenee, in view of the scale of the castle, oan not be
ruled out.
The second mass of kamesani kettles found adjacent to the river
between ifark and Fleurs Castle is relatively small and is centred on
760 380 in the Hden .?atar tributary valley, some 000 yards from its
junction with the Tweed, Here the kernes are oonioal in form and as
is common on such features, the surfaoe is littered with gravel and
boulders up to 2 feet in diameter. Although well above and therefore
probably unrelated to F 648,fragment 650 is banked up against the
northern faces of these kames and is pierced by a kettle hole, The
rim of this remnant is about 6 feet above the floor of a dry valley
which subsequently merges downvalley with F 648* The Eden later
valley apparently functioned as an important meltwatsr channel at
one stage in the deglaoierisntion (Clapperton 1968)
A third and the last known karae complex occurs in the mouth of
the Teviot Valley, ending 500 yards up-valley from where it merges
with the Tweed, Clapperton (1967 p,393) said that karaoa, kettle holes
and kane terraces parallel the river down to the junction but in the
small area of the lower Teviot that ma manned, no proof exists that
the fragments are karaiform in nature, Small sections revealing a few
inches of sand and gr«vel are common in these features. The rid,-;© on
which Roxburgh Castle is built, dividing the Teviot from the Tweed,
has manifestly been altered by human interference. The overall form
approximates to that of a large esker but it may be that this is simply
due to erosion by both rivers of a continuation of the "good sands
with some gravels" to the southwest and south noted by ifeldane (1948
p. 13), It seems to be unrelated to any tsrraoe fragment.
Across the main valley from this k&me and kettle complex and
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apparently at olosely ooEnar^ble altitudes are the lariat intermediate
level terraces in the whole Tweed Valley# These commence on the left
bank of the river at the upstream end of the Fleurs Castle estate, reach
-ing a maximal width of 400 yards, while similar if narrower features
exist on the other ban: of the river some 600 yards upstream from
the feviot-Tweed Junction around 715 540* The longest continuous
entity, F 502, runs for at least 1#5 miles and possibly rather more
if it is continued as the marked feature mapped throughout the higher
parts of 'falso. Similar features re-spoear between Bendersyde 'ark
and Springhalt on the north bank and "ellendean Bridge (7415 3447)
and Sprouaton on the south bank# The flat-topped ridge, F 643, is
probably a residual of F 639, dissected by water originating from the
south-southwest•
Other comparable fragments were found to continue spasmodically
estwards as far as Coldstream, terminating in the terrace whioh appears
to run continuously from Carham Church, south of the >erk J&ia to end
at 8345 3940 as F 719, following part of the course of what lomervail
(1919) referred to as*the Dry Tweed*# In general the continuity and
size of similar features on the northern bank is less marked dowrrvalley
from Springhall but F 644, 654 and 672 are comparable with F 649, 665
and 687 in extent and state of preservation#
The occurrence of obvious now-dry channels on baok-slooing lower
terrace fragments suoh as F 596, lnryely missing from the higher frag¬
ments like P 582, again made it difficult to decide how «rny discrete
lower stages were present in any one small area. Apart from the oases
already noted, there appears to be no olose relationship in this area
between ice-contact features and terraces# Inly fragment 659 was
definitely scarred by r kettle hole#
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While riverside sections under the lowest terraces showing 5 "to
6 feet of well sorted silty sand with occasional gravel lenses are quite
common, seotions are rare in the higher terrasiform deposits. The
Teviot river bank at Kelsohaugh, 7105 3370, provided a section in the
deposits underlying P 607 (Plate 15 ). This was made up of 2 to 4
feet of colour banded silts, chiefly yellow and brown and slightly
contorted, overlying and interdigitated with the top layers of 5 to
9 feet of coarse gravel. The minor contortions are probably primary
depositional features as in most oases they reflect the morphology of
the gravel surface as seen in oross section. 3uoh a section casts
some doubts on the significance of a terraoe fragment as this deposition
of silt may be very looal, due to perhaps deposition from the Teviot
when flowing into the Tweed at a time of flood, such as occurred in
1931 (Milne "brae 1975) and in 1949 (Learmonth 1950)* Where the main
valley is broad, as at this spot, flood levels of up to 10 feet or more
above present have been recorded. At such times the valley floor
becomes a shallow lake, moving relatively slowly at the margins, per¬
mitting near-still water deposition at tributary junctions. The
possible effects of variations of discharge of the Teviot at these
times are unknown as flood records are much more scarce for the
tributaries than the Tweed itself. Some indication of considerable
variations in river stage, however, is provided by line Home'a (1839)
account of the drying up of the middle and upper reaches of the Teviot
and Kttrick in 1839. In the absence of other sections in the area,
it is impossible to demarcate the extent of the banded silts.
A section at 7561 3609 under P 649, some 600 yards northwest of
Sprouston,showed only 1 to 5 feet of drift, mainly sand and gravel,
overlying the bedrock which at this location consists of basaltic lav^s.
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Only a few yards away, however, other sections showed much thicker
drift under the same fragment and thus the surface seems to be markedly
unaffected by gross variations in sub-surface lithology.
Although several wells pierce the Fleurs terraces, no records
other than 'drift over rock* exist. To obtain more information on the
deposits underlying these extensive features, a series of seismic
traverses was made along a cross section stretching from 7080 3425 to
7124 3599» The results are tabulated as sets 45 to 52 in appendix 4
while the interpretations are illustrated in figure 5»6. Of the 8
traverses oarried out on these fragments, only one set of results
yielded discontinuities in the graphs, on F 598, All other graphs
are simple in form, showing a small degree of scatter of points about
the 'best-fit1 lines. Thus it is deduced that the underlying material
is unlikely to include till and that there are few substantial lateral
variations in sediment density. The provisional nature of the results,
however, must again be stressed as they are not tied directly to bore¬
hole control.
The evidence suggests that under the two lower terrace fragments,
F 596 and 598, rock parallels the ground surface at a depth of between
15 and 17 feet. Examination of riverbank sections tended to confirm
the interpretation of wave velocities,that this drift consists of dry
sand and gravel. There is some evidence, although this is baaed largely
on one point, of the presence of a buried valley under F 592, the lowest
known point of whioh is similar in altitude to that of the present
Tweed surface. The wave velocities suggest that this valley, close to
the relatively imoervious till, is largely infilled with saturated sands
and Tavels. It is impossible to be certain whether the second layer
in sets 49 and 59 is sandstone or a very compact till as the mean velocity
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of 7,550 feet oer second falls In a possible overlap zone between these
two materials. Another interface was located between 38 and 44 feet
below the surface and it nay be that this is the true bedrock surface
underlying till. Alternatively, this may be due to a layer of the
basaltic ffelso Traps, interdigitating with the Oeiaentstone group in
this area, en interpretation favoured by the high mean velocity for
this layer of 16,599 feet per second.
The paucity of good sections or boreholes in terras!form deposits
in this area, as elsewhere, considerably limited much possible work.
The relationship between surface texture and underlying lithology at
such interesting locations as 7535 3«95 could not therefore be examined,
iiere, on P 632, the surface is scattered with numerous rounded stones
up to 3 inches in diameter. Thirty yards to the northeast, a small
embayaeat occurs in the terrace fragment, the surface dropping by several
feet and becoming devoid of stones, the texture booo-aing a silty loam.
A possible origin of this marked change in surface texture is that at
a high water stage, deposition of fines occurred, burying the large
stones in the previously formed eabayment but not reaching as high as
the upper section of P 632. Alternatively, the lower section may have
been formed at a time when frost heaving, an important agent in produc¬
ing a stoney surface, was much reduced in decree in comparison with
that at the previous, higher stage. It seems unlikely that this local
variation in atoneyness could be due to human clearance although this
certainly occurred elsewhere on haughs after the 1949 floods (Learmontb
1950).
The immediate area around the confluence of the Tweed and feviot
rivers exemplifies the problems associated with any examination of only
one aspect of terraces, here is a complex of terrace fragments, sosoe
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interlocking, some clearly transgressive with resoeot to older features
formed by the other river while the larger, lower fragments are scarred
by dry channels. Under such conditions, it was found impossible to
assume a 'downvalley' direction when heigbting the fragments and thus
heights were gathered along perpendicular traverses so that the true
dip of the assumed planar surface could be calculated if necessary.
One aspect of the river channel itself remains to be commented uponi
in an area, where the Tweed is meandering gently with a sinuosity index
of approximately 1.5 to 2.0, the 2200 yard-long extremely straight section
between Edenmouth Cottage (7632 5715) and a point whose National Grid
coordinates are 7765 5340 is clearly anomalous. Leopold, Wolraan and
Miller (1964 p.281) stated that straight sections of river channels are
unusual but made the point that the line of greatest depth rarely parallels
the banks. The explanation of this lineation is unknown although it
should be noted that it is exactly parallel to the local direction of
ice moulding,
D. Evidence for a Buried Valley of the ..ov/er Tweed.
There is muoh to suggest the possibility of a buried valley under
the Tweed. To the north, according to Sissons (1967a p»53)» several
overdeepened rock basins exist in the Forth Valley, now very largely
filled with glacial, fluvioglacial and estuarine deposits. A recent
site investigation for the reconstruction of Eyemouth Harbour (946 644/
obtained bores whioh show rockhead falling rapidly westwards towards the
centre of the town, reaching -20 feet ).D. at the southern end of Salt
Greens iuay and certainly much lower under 'tain Street. To the south
of the Tweed, nson and Sharp (I960) have located deep buried equivalents
of the present Coquet, Lyne and iansbeck valleys as well as three north-
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-south trending valleys, believed to be completely buried saltwater
channels existing a little below oresent sea level. Recently, a
series of bores for the Tyne Tunnel confirmed old evidence of the
altitude of rockhead under the river Tyne to be at least —10 feet
0«D, (Anon. 1967).
In view of the above evidence one may reasonably exnect a buried
channel beneath the Lower Tweed. The presence of such a feature is
strongly suggested by the great difficulties encountered in piling
the foundations for the Royal Tweed Bridge in 1928. It is confirmed
by 7o borehole logs that have been acquired for the estunrine area.
The most detailed record available is that contained in the 1850
working p^an for the Royal Border Railway Bridge. At each of the pier
positions at least one borehole wag sunk and the resultant section is
shown in figure 5*7* The main channel is seen to exceed -60 feet in
depth to rockhead and to be almost entirely filled by s*nd and gravel.
Clay was found high on the south side of this channel between -15 and
+10 fe't O.D. and also in a channel cut in rookhead underlying F 889,
of which there is no surface expression. The base of this latter channel
is known to lie below -4 feet 9.D. and may be considerably below this
figure. It is possible that the clay infill is not till but is an exten¬
sion of the laminated olays known some 399 yards to the southwest at
Mill Farm. Seismic tests above the smaller channel showed good general
agreement with the borehole logs (Appendix 4, sets 57 to 62), olearly
reflecting the effects of traversing diagonally across a buried channel.
Less detailed borehole logs "re available from the main road bridge
site, straddling the river from 893 527 to 887 539. These were used to
construct a cross section illustrated in figure 5.9. fere again the
bores did not reach rockhea.d in t e centre of the channel but demonstrate
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a maximal possible altitude of -58 feet O.D. for its base. Small
pieces of rotten wood encountered in borehole 5 at a depth of 6 feet
below the river bottom may not be significant as they could have been
washed into a channel scoured in a recent flood end quickly covered by
sand and gravel. It is probably significant, however, that no trace
of clay was found in any of these bores.
Pour unlocated boreholes taken along the line of the Old Bridge
at Berwiok show at least 50 feet of sand and gravel without reaching
rock. Assuming the cross section of the river known 150 yards upstream
at the Royal Tweed Bridge to persist, this indicates rookhead to lie
below an altitude -53 to -59 feet O.D. in the centre of the channel.
In no case do these bores record anything other than sand or gravel.
Further borehole evidence for the existence and delineation of
the buried channel has recently become available through the growth of
commercial interest in the sands and f-ravels of the estuarine area.
C. Noffatt, a •geotechnical consultant*, has stated that eleven boreholes
taken on the Shad (NU 002 523) show sand and gravel overlying blue
clay of unknown thickness. As rock is exnosed in a wave cut bench at
present sea level a short distance to the east, it is a reasonable
hypothesis that the drift cover is thickening westwards and southwest-
wards towards the present Tweed and the figures substantiate this,
although the values are still confidential.
Four bores in the Garr Rock - Bock Road area of Spittal (NU 002 519)
reaohed -15 feet O.D. in wet sand without touching rock. Far more
valuable are those boreholes located »t NU 0053 5170 and ?U 0050 5189
at
which show, respectively, rockhead to be about -58 and -66 feet B.C.
It is probable that the deepest section of the buried channel passes
between these two sites, which are separated by some 159 yards. In
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the shallower bore no clay whatever was found while the other found
only a 5 feet thick band of clay and gravel, whoae upper surface is at
-4° feet O.D., over-and underlain by sand and Travel, with decayed wood
fragments immediately beneath the clay. The distribution of bores in
the estuarine area and the inferred route of the buried channel are
illustrated in figure 5»9,
Several seismic traverses were made along Spittal beach parallel
to the shore using these bores as control in what should have been
near-ideal conditions for the equipment. All were very unsatisfactory
due mainly to the generation of sine wave noise patterns by pounding
sea waves, very similar to the normal oscilloscope traces from sand
and gravel. Considerable problems were also experienced with high
frequency air-coupled waves in such a bleak environment, totally lack¬
ing shelter. The presence of concrete blocks, former wartime defences,
which appear to be scattered spasmodically at shallow depths below tho
snnds, complicated the analysis of the few results obtained and limited
the distance upbeaoh away from the noise source that it was possible to
work.
Recently, analysis of seven dredged samples of sand and gravel from
the estuarine area ws carried out by the Institute of Geological ciences,
(Leeds) for the Ministry of Transport Engineering Laboratory (Harrison
and others 1^66). All the rock fragments had high sphericity and round-
of
nes3 indices and werev varied lithology, from greywacke to igneous
material but were chiefly of a fairly h'-rd compact sandstone. Between
35 and 91 percent of the samples by weight were coarser than a number
7 sieve, the mean value approximating to 60 percent. The clay fraction
ws negligible, composed mainly of non-swelling chlorite and illite.
vidence for a buried channel and the constitution of its infill
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outside the estuarine area is much raore scarce, being virtually
restricted to the few bridge sites recently repaired. The marked
incision of numerous dry valleys, many of which contain no terrasi-
form deposits and extend at least as low as the present Tweed surface
suggests that the waters cutting these channels flowed into a major
river whose surface ws no higher and was probably lower than that
of the present Tweed, /t Norhaia Bridge, two bores at 3902 4723 and
Q905 4728 showed approximately the same sequence of:
3 feet sandstone filling
4-3 feet sand and gravel
8 -10 feet gravel
5-9 feet decayed timber, silt, sand end stones,
grey sandstone with shale.
The deeper bore thus showed rookhead at this point to be some 27
feet below the surface of the sandstone filling, about -9 feet 0,D,
At Coldstream Bridge it appears that roekhead, under about 2-0 feet of
sand and gravel,was struck at about 0 feet O.D. A bore at 8434 3962
in the lower part of Coldstream (Carter 1966 p.62) revealed some 30
feet of "alluvial gravel" over rock. The ground surface at this point
is at 53 feet O.D. and thus rockhead is at 23 feet O.D,, possibly on
the side of the channel proven to be much lower 65O yards downstream
at the bridge.
A borehole quite close to the river at Vooden Anna (7366 3409)
showed 17 feet of rough gravel overlying 31.5 feet of clay, bedrock
not being reached. The ground surface at this point is approximately
100 feet above Ordnance Datum. The local Planning Authority believe
ifelso Bridge to be entirely founded on rock and if this is so, the
possibility of any deer) channel at this point is severely limited.
ffhile not strictly relevant, recent bores at Chirnside Bridge (852
562) over the Elver Shiteadder show only 5 feet of sand and gravel
over rook in the base of the ohannel,so not all major valleys in this
area are heavily infilled.
Clearly, however, a channel could conceivably run either under
un
a terrace or, if older, under the till and be known in the area up¬
stream from Berwick as all the bores outside the estuarine area are
concerned with the present river channel or its immediate environs.
The only fully recorded bore through a terrace in the Kiel so area is
that at 7264 3403 (Carter 1-66 p.48) which shows 27,5 feet of surface
deposits, almost certainly sand and gravel in the main as this is
common in holes dug throughout the town (Craig 1874), overlying rook.
Ag the surface altitude is 122 feet O.D. at this spot on F 6l4,rockhead
is thus at 94.5 feet O.D. The seismic traverses over the Flours
terrace fragments, which have already been discussed,suggest a buried
valley to occur beneath the highest flat, F 592, but this is of
dubious proportions.
The discovery in 1964 of several stone stena leading from the
Abbey at Kelso deer under the nresent river has suggested a fairly
recent change in location of the Tweed. How much this can be taken
to represent a change in altitude of the avera..ge water level at that
spot is rather dubious, the drowning nerhaos being attributable to
lateral changes in river course, associated with provision made for
periods of extremely low water.
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CHAPTER 6
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a, Pweedbank to Littledean power (Fi ..ure 6.1)
phis strip of the riverine section of the Tweed Basin comprises
two significantly different valley sections. The first of these is
the ;akerstoun Gorge, stretching for almost 2 miles upstream from
Prows (690 323)t near where basaltic Kelso Praps form rapids in the
Pweed at 635 325.
jn the south side of the gorge several exposures suggest that
the drift is, in the main, relatively thin, contrasting with the
area immediately downstream from 'Prows where numerous small kames
are superimposed on a l&r :e northeast-alibied rid;e, giving great
variation to the depth of drift cover. Southwest of Prows, however,
rock is exposed at the ground surface at 679 315 in a northeast-
trenlin; ridge, along much of the walls of the gorge and froluently in
the river bottom as at Phe Clippers (670 313). Other exposures show
rockhead here to he covered by a maximal thickness of 15 feet of clay
or sand. Pill is known to occur in the gorge but may not be in situ,
owing to the steep slopes.
while no vestige of ice-contact fluvio ;1 acini forms is known
ithin the narrow section of the Mvkerstoun >or e, a large,slightly
sinuous ridge whose surf ce is composed of fine s:nd and some
ravel exists farther dovmvalley, comm ncin : at 6786 3215. In
vivw of Clapperton's evidence (1968) that sand exists on top of
some of ohe drum!ins in this area, it racy be that thi ridge is
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essentially a druralin, modified ubstanti illy ;y fluvioglacial erosion
and deposition. small e ker, or com lex kame vhich bi 'urcates,
occurs at 669 311. dection;: in the side of the or ;e in this feature
show it to consist of rounded and sub-ahgular -tones in fine sand and
silt, some 10 to 15 feet thick. Hie uaw, a conical kaine-like mound,
has a surface made up largely of fine rod sand and silt but bedrock outcrops
were noted in two places. Hie location of th feature, oppo ite the
mouth of a meltwater channel, may explain the presence of the sand,
ihe second part of this section of the valley is th funnel- hoped
: >proach to the , akerstoun (}or;e. Particularly on the north,but also
on the south side ice moulding is strongly developed, t the latter
location, a small but important kame complex, with in arvening kettle
holes modified by meltwater streams, was mapped in a 400 yard long by
500 yards wide area, stretching downvalley from 640 314. Upstream
from that point, oth-r terrace-fragments occur but re considerably
dissected. On the north si e of the tweed a much-dissected hijfaer mass
of sand and travel occurs between Jean .ood (644 320) and .he 65OO
easting rid line. several small exposures evealed at least 10 to
15 feet of rounded -gravel up to 6 inches diameter with some contorted
bedding, underlying at least 25 feet of silt with occasional sub-angular
nr aerial and rounded stones, whose size - peered to increase upwards
attaining a m-; timal observed length of 9 inches.
the present river in this section h .3 a low sin- osity index and
alx but one of the terrace fr- graents closely parallel the alignment of
the present valley, being thin features scalloped into simil*r hi ;her
flats. ithln the gorge only vary low terrace fr menta exist.
bove the rim immediately southwest of the j_,aw : flat (ip531) ome
150 yards long and wide occurs. Its surface, of a rilty clay nature
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and scattered with some rounded nd sub- n alar stones, sug ests it
might be underlain by till. Fragments 576 and 578 a pear to constitute
the beginnings of the broad, medium-level terraces so well developed
from Breedbank downstream and already described (Chapter 5» sectionC)
JJie only exception to this pattern of narro terr ce fragments
closely linked with the present valley trend is F571« commencing
immediately downstream of the small kame complex, already described,
and presumably associated with it. In some spots, this remnant
partly conceals half-submerged mounds, presumably kames, as at
647 314. JLsewhere the flat is replaced by mounds with intervening
hollows aid it is often impossible to say whether ohese latter features
are mainly primary or secondary.
B. ait cle lean lower to Ben*'rsyde Gorge (Fi aire 6.1)
fliis area is a convenient unit as it consists of a zone 'within
which terrace fragments are almost entirely limited to the in ides of
a series of valley meanders, the outsides of which are steep incised
frces, typically 60 feet or more high. occept in the two long
sections of the rectangular meander round ,t. Boswells, the presence
of orientated relief, gr ined towards he east-northe st in this
rea, apne rs to have had no ef net on the major river or terrace
orientations, Conversel , minor streams such as the Lonksford Burn
which are invariably deeply incised, show.a marked p rallelism with
the local relief ;rain,
Ull is known within shese meanders as low 5 feet above
•reson- water level (Plate 17). Quite r-part from the Mertoun ill
Section o cribed in Chapter 4, other sections noted in the
vicinity of -rybur^i, particularly that at 5909 5199 in which the
cheract ri tic red till occurs some 15-20 feet above the river over-
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lying gently-dipping sandstone, show th t much of this section of the
valley predates the last glaciation of this area. K'mes or e leers are,
on the other hand, unknown within the same stretch of valley between
the fla -topped sand and gravel hummocks around '28 318 and the
indistinct mounds on the flanks of the Old Melrose ridge (589 342).
Jae terrace fragments themselves merit little comment except
that they eproduce the relationship observed in the lower IVreed, such
that the lower remnants are broader and generally scarred with channels
while the higher ones, in this case up to about 50 feet above the river,
re usually devoid of such features. Channels on the lower'flats
re often confined to the rear ed;e. In the main, two general terrace
i'ragment layouts seem to exist on the insides of the meanders. In the
ot. Boswells meander core most of the reran nts re arranged in parallel,
across the end of the spur which slopes down towards the river t
Mertoun Mill. In contrast with this, the Oryburgh meander core
exhibits terrace remnants which are markedly skew to one another, each
one cutting one, two or more higher terr; ces. fhis implies continuous
snifts of river orientation, compared with shifts in lateral position
but not necessarily in orientation by dorm-spur movement in the former.
It may be, however, that this tendency is significant only in being
function of the size of the meander core nd the stre m involved.
.'lections in terrasiform deposits are limited to the u :ual river-
b nk exposures exc t where sand h s been dug out of the low remnant
2533 t 608 314. A partly obscured, 1.) feet high exposure whose base
lies - bout 15 feet above th~ river was found at 6220 >1?3« Here a
considerable mi - lure of parti le sizes was present, the matrix chiefly
c moisting of n silty s nd with some clay while rounded -aid angular
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blocks //are scattered throughout. do traces of stratification were
found.
oeismic re r ction traverses were c rried out along a line
parallel to Mertoun Bridge nd some 50 yards upriver from it crossing
F513 and 517. the results, tied oniy to river bank sections, are
tabulated along with the interpretations of the data as, sets 39 to
44 in appendix 4. Figure 6,, illustrates the meaned results of three
double traverses, showing in two oases a relatively hallow depth to
bedrock while at the other oint till was probably encountered. fh
shallowness of the drift at this point is consistent with the
exposure of rock above the water surface at 6082 3232, sons 300 yards
-way across, the river ( lately).
iller's (1803) classic study "River terracing: its methods and
their results" was built up in part on observations d rived from
the Jryburgh area. He claimed that Milne Home's (1875) data
sub • t nti ted his contention that >nly rarely do paired uerr^ces
exi t in .he Pweed Valley.
J. lomorsyde lor ;o to boot-ford (Figures 6,1 and 6.2)
Upstream from 01 elrose, the .weed remains incised for a
farther 1.7 miles. In this stretch it is joined by the Valley of che
Leader, from which only low fra pnents issue into the main valley.
It is probabl significant, however, that 487 on the south bank
attains it-: -sea test width slightly downstream from the Leader/pweed
junction, pointing to the effects of water from the former in
promoting erosion of thi bank of the Pweed either before or at the
time of formation of Ravenswood i laugh.
Raven wood (5 95 3 U7) itself i built upon a spread of what is
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believed to be s nd with a little gravel. This is clearly derived from
stream occupying much of the present course of he now incised
Bogla Burn and it terminates some 60 feet above the iweod. ihe
extent of human modification of the flat is unknown but unlikely to be
extensive except around Raveftswood House.
As elsewhere, terrace and ice-contact landforms are much more
plentiful outside the gor ;e tract: both east of I bbotsford as far as
..elrose Bridge and north of the river, mainly in the valley of the
llan iVater, fluvioglacinl features are preserved in their most
varied expression within the itoeed Valley. Hiese mounds, ridges
and sheets of sand and gravel were tabulated in part by H ldane
(1948 p.13). ntirely absent or buried in the broad, flat-floored
depression east of Darnick (332 344), they lie within an a proximate
range of altitude of 320 to 310 feet on the south side of the river
and up to 500 feet n the north side, west of this village.
lhe ground surface south of the riv r and Lowood House (5 10
3526) consists of sever: 1 main elements, including kettle holes ran ;ing
in size from the 600 yard-long,partly infiied dead ice hollow around
515 347 to others only a few y rds across and 2 to 3 feet in depth.
Jhe numerous mounds, man; slightly elongate,are interpreted as kanes
their int rnal constitution is everywhere seen to be srrnd and
ravel, usually bedded, or example, at the ;r vol pit at 5242 3490
everal feet of well rounded stones up to 9 inches diameter lie
uh-p rallel to the ground urfrce in a sand matrix. The orientation
o" m n. • of these ridges, such s that running through 513 34 , is
approximately weat to est, 1though local variations from southeast
o northeast trends do occur.
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s well 's kames and ket ies, flat sheets of sand end gr vel are
co mon in this area.. Most of these are provisionally interpreted as
outwash on he basis of their relationshi s to the k- mes and kettles,
many of which are upstream from and below the level of the main sheet
whose surface expression is F431, probably continued as F435 and po sibly
as F439* ihat this main sheet also contains kettle holes, largely
buries other k mes and, most important, is separated from the main
m- ss of moundy sand and gravel by a marked ice-cont-c slope is
further evidence for this explanation, the ice-cont ot slope
. .I"tei9) r;ins eastwards for 450 ye rds from 5125 346? then swings
northwards for a similar distance until it fades away near the r ilway
line at 5224 -492. A gravel pit in the outwash, now being filled by
refuse, showed approximately 10 feet of well rounded stones up to 8
inches iameter very tightly p eked with only a little sand as m trix.
Little bedding was thus visible except at the west end of the pit
where current bed in; in a fine gravel lens was exposed. In places
around 5210 >451 large boulders, derived from the immediate vicinity,
were found on the bottom of the pit*
Boreholes were recently taken ilong the line of the proposed
uowood bridge, crossing he Tweed from 5010 3479 to 5101 >464 -nd thus
ira inging on F403» an extremely flat :'r jment on a westerly projection
of which bbotsford is built, Fipure 6,5 illustrates the section
obtained, .iih the solitary exc ption of a 5 feet thick layer in
bore 7 des ribed as ■ 'very s ndy clay including fine to coarse r vel '
all of the bores found only nd uid medium to coarse gravel with
occasion J. boulders. It in noteworthy that only numb rs 7,3s nd 5
•each .d rockhe d m; thus while 50 feet of fluvial sediments are known
under '403» it could conceivably be very much more, the nearest
nown lutcro of bedrock is r • roximntely ->5 yards to the southeast of
the river at this point.
a considerable thickness of drift de osits on the left bank of
the river is also shown by these bores an by o'her ex osures and was
suggested by Hald: ne (1948 p.12 St 13) • n ?na toraosing esker system
with associated ket le hales runs north-eastwards from 5016 3390 for
450 yards , apparently related to vater flowing both down the iweed
Valley and also down that of a small tribut ry. ubdued kames and
ket le holes were found just to the north and northwest of the
Convalescent dome (5360 o465). Ihese ire separated from much lower
karae3, some '5 to 35 feet above the freed* by what may be an ice—
contact slope running southeastwards from 5050 3488 to 5086 3480,
parallel to the trend of the Gala pater. Jxposures in the lower
kames showed 10 feet of near-horizontally bedded fine sand with
lenses of gravel which was up to 4 inches in diameter. At similar
altitudes on the north side of the Gala ,.ater,other kumes were noted
by daldrne (1948 p.13) but are now partly obscured by building.
the dangers of detailed mapping in an urban environment are
wall illustrated by F428, a 600 yard-long flat terminated at 5000
3531 by two mounds of sand and gravel, the long xes of which
parallel the Gala ;ter. Mapping and levelling of this flat were
complete before 4 borehol n taken in croft otreet were discovered,
these showed made ground, varying from 2 to 3 feet in thickness
overlyin ; 4 to 9 feet of hard packed sand nd gravel overlyin : rock,
despite thi , the heights on the fragment hrve be n retained as they
are still believed to be useful provided • much larger er or ran;e
than normal is accepted. No such qualifications need to be made
ab ut the high fragment 422, located near the junction of a large
northeast-trending n .-itwe ter channel nd the present Gala .,ater
v lley. Poor sections under this showed the terr&sifona deposits
to consist of at le st 3 feet of stratified silt, sand and fine
;rev 1 with occasional boulders up to 2 feet in diameter.
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Northeast of Jalashiels, particularly in bhe lian .ater valley,
kames and kettle hole are exceptionally frequent and well developed
with an overall long xis ori ntation of the long r ridges from west
to east. Numerous ex >o ureo in the gravel its in this valley
reveal d great variations in p rti le "ize a.ssoei ted with considerable
lateral variation in the deposits. Action 19illustr tes a fairly
typical exposure in the k rae complex around 519 565* die deposits
are economically valuable beer-use of the non-existence of coal er atics,
believed by many to be d letrious in concrete. inus the recent
appearance of black, carbonaceous specks caused 3ome concern but the
quantities found proved to be insignificant. One section showed';
highly cemented fluvioglaci 1 conglomerate with r crushing strength
comparable to some of the surroun ling bedrock.
ed
outh of these kames, a half mile-long esker, parallel on its
southern flank for half this dist nee by a meltwater channel, runs
slightly south of east from 5135 5600. the dry channel appears to
be closely related to P442 and its upstream northeast-trending end
is paralleled by another like feature terminating at Nast r i/ nglee
(5185 5574). Slightly below this second channel lies F440, a 400
y- rds long, 150 yards wide terrace frr pent with a kettle hole near
its s uthern ruin. Exposures in the banks of the river below this
remnant show r vel down to the water level at 5175 3550 with rock-
head emerging a few yards down, treaa and ttaining an altitude of
20 feet above the river some 100 yards furth r aownvalley. Observed
un i r F434 at >129 5520, n interestin g ex osure is reproduced as
section 20in appendix 6 uid seems to represent fluvial infilling of
an eastv/or.i trending channel cut in till, some 10 to 15 feet above
.he present dala ,at r.
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part frv- the terrace fragments already described, none of the
man others along this, section of the river is known, from
morphological evidence, to be iirectly a ; socio,ted with glacial events
Fra ja nt 427 in the -rounds of uowood House, some JQ feet below the
level of F431»is above the floor of some of the iead ice hollovis,
particularly that noted oppo its the juncti n of the fweed ind the
Jala fttar, filled up only to the level of F409» rou .1. equivalent
in hoi :ht "bove the river to F4d5» die ch nnel at the rear of
F427 io irregular and may be a string of linked kettle holes*
uow terraces are extensive, particularly in the broad valley
to the east of elrose where the lengthy, partly-infilled channels
and fringing well-developed lower features suggest the mile-long
F461 it; essentially a relict feature* Much the 3 .me conclusion.
can be drawn from part; bub not all of the haugh areas around
Gtettonaido (554 350). Jie steep banks backing both F461 and 466»
IE r ;5 ily different to .he gentler slo os .bove, sug est that ,uch
lateral erosion occurred previous to or contemporaneous with the
formation of bo h fragments* If this did not occur recently, then
the iresent river may not bo responsible for the tee till section
at 5595 349 , an eastwards continuation of the baoking near of F466*
»m of ho lo«v ter ces ■ rn to be related not only to the nrin
river v lley but also to a n<M-small tribu ary, the Toft Jurn*
■ ' ni • , 1 ( : t b 'he lor; r n .7 ni ",49, nd 459,
i 1*
approximately the s me l.itude as F461 near the uncti n north of
t. rv toad !n elrore, see to re fleet two different cour es of
" 1 ribut rv. It :r ., 0ver, to" t uch of f 159 i or ficial
ecti n cut Poo r n s o.v?; he underl n 5 feet of oriel
to is t of cn.or , ovorl in ;lay in , elro; a.
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Mine ifotae (1 75 P»525) recorded similar infilling of a dry channel
cutting' a low terrace near G*ttonside, in 1325*
9. Abbotaford to Holvlee (Figure 6.2)*
This section of the Tweed Valley is restricted in width through¬
out and the pattern of deglaoierisation and the resultant landforsa
are ratVier different from those in the wide valley section downstream
from Abbotaford. The lower Bttriek Velley is midway in size and form
between the two sections of the Tweed, numerous kaaes and kettle
boles exist within the tributary valley, particularly around 470
296. known locally as the Tod doles. Some of the rims of these
kettle boles replace all but the lowest terrace, being only 15 to
20 feet above the Sttrick while the centres of the degressions are
occasionally below this level. Such kanes and also eakers are common
downriver as far as Sunderland. ISall (4305 3105) and sees to be particular
-iy frequent where small valleys and minor eabayaents are etched into
the hills.
As the ice-contact features and terrace fragments within the
Tweed Valley itself seem to be closely related and can be grouped into
three distinct systems, they will be described in such a fashion.
i) The holvlee - Aahiesieel system.
Between Kaira howe (3335 3766) and Thornielee Old Toll House
(4030 36265 exists a complex esker system with intervening kettle
holes, particularly well narked around 390 365, and a general lack
of all but very low terrace fragments. Downstream from here as far as
Caddoafoot (4430 3490) extends a series of well-marked terraces with
no ice-contact features whatever. Several of the eskers and meltwater
channels such as that running south-westwards through 3950 3790 must
have been formed by water running directly dovmslope while others,
like that at 5957 3732, oa.r«llel the trend of small-scale
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tributary volleys. la contrast i*:h these, som eskers were found
to parallel the contour- , s t p 9 ' 3776 and one bruptly changes from
this to the downslope made at 3907 3703. . erh- ps the majority of these
elon te ridges, ho ever, ^re ositione irrespective of the underlying
topo r-ph . Hie crest line of that escribed by .ckford and -nson
(1925), ftaim Knows, rises 23 feet in 100 yerds (slate 24) while others,
typified by that coram .noing at 3916 3734,rise as much as 39 feet in a
.0. iiv ley irection. One esker at least has a ma ked up and down
long profile.
due to their remoteness from the river and human activity, few
section exist in these features, the prime exception being the
riverside exposure in aim Koowe. 1 though revealing sand, gravel
and large boulders up to 4 feet aero r at present, the section is
poorer than when investigate! by .ckford and anson. i'hey r corded
(19 3 p.314) "a great assortment of boulders and pebbles mixed with
sandy clay. It (the esker) shows a rude stratification somewhat
inclined." any of he large boulders washed out of this feature are
inc pable of transportition by the present river and new form rapids
at low water sta ;es of .he pwee . .ost of the other rid ,«s contain
am 11 ections .hich show s mi aid gravel to be present, often with
boulders u to 2 foot in diameter, confirming the morphological
interpretation of their origin.
fwo -mall gravel spreads occur at >a ehopeknowe (3^56 3767)
and ,t ■: >1 lee House. Both ..re too irregular to merit the
iescription 'terrasiform'. The same cannot be said of 2335, a
flat-topped rid ;,e in the middle of the valley, unierl in by s .nd
and gravel, isolated from the bank by a dry, humped-profile cn nnel
oil from .he river b 1 low fragment (. ,3). n esker commences
«; 3945 3710, .veil below the level of Ov5 and, rising souths ... fcwards,
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attains an altitude of approximately 40 feet above the remanant before
falling1 slightly downvalley,
ie first of the suite of terraces apparently not intimately
ssocinted with these eskers begins at 4102 36i5« owever, a narrow
bench (F3&4) which, on mor holo ;ical evidence, seems to have been
cut in both drift and rock, commences vertically above the 1 st of
the eskers at 4016 3665. Ihe best developed of these . igh fragments,
F347* runs int rmittently do.Tnvalley for 1200 yards, fter a gap in
ohe seiuence in the vicinity of Peel Hospital (429 350),like features
resume in the vicinity of Ashiesteel Bridge (4375 3505), terminating
some 1100 yards do n-valley. Only the largest remnant, F347, is
punctured by a kettle hole, A dry channel cut into the scarp fronting
this fragment at 4190 3605 ends by debouching a small fan on F349» the
next fragment below, ihe 1 ck of any c ntinuation -whatever suggests
that this may have been cut before F347 become a relict feature. All
but the lowest flats are littered by stones, usually rounded and up to
3-4 inches di meter but occasionally up to 12 inches across, jjie
only ection known at present in the underlying terraaiform de osits
is at 4156 3637 "here two limbs of onoeiinal fold in course and fine
r vels in erbedded with smd were noted,
ihile not directly ociated with the ter -aces .aid presumably
,n earlier feature, the enormou; north exst-trending meltwater channel
commencing at 435b 3525 is of interest ,s the floor of the ch nnel at
this oint is onl a few feet above '378 in , orobably, A559* die
c1 nnel, folio, ing the gener 1 trend established by rice (1)61) in
the Tweed Basin west of Innerleithen for like features, rises some
100 f'e t to its ni hest oint at 4402 3565 hen falls slightly north¬
eastwards. Ae existence of an elong .te k' me in the bottom of the
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channel 4435: 3580, -s ociated with the rob.ble link between this
channel and that runnin ; from Clovenfords to the north of del; shiels
oints either to the subglacial fo mation of this channel by water
unier a hydrostatic he'd of pressure in the last glaoiation or
modification at that time of an earlier fe .ture. the second section
of this composite channel, extremel: straight for at least 2 miles,
was shown by dissons (1967a p.104) to swing southe .stwr rds at its
termination to coincide with the present Gala later Valley, a short
distance upvalley from F422.
2) fhe F' irnilee dystem
Around Fairnilee (458 327) extends a series of terrace fragments
ranging from F384, some 60 fe t above the river, to others only about
5 feet .bove normal water level. these may well be an extension of
those in the shiesteel area but are sepr rated from them by r mile of
valley in which only low, or small and dubious higher forms,exist.
In ' disused pit at 4593 3274 underlying F392, oor sections
showed rounded gravel up to 6 inches in diameter in yellow clean send
of unknown depth. Occasion d b>ulder3 up to 2 feet in di; meter were
lso present in the exposure. ounds below she 589 feet contour
from about 4719 3270 to kink Farm were taken to indicate the presence
of sand and ;ravel, pa'tly based on the small sections noted in the
opposite bank of the river at Howdenpot Knowes (4749 3?23). Here,
some 59-73 feet above the river, great difficulty w-s found in
:v In ; esters ni no. ."ter channels under a tree cover. t least
8 feet of yellow fine and was found at one spot. Nonetheless this
cov- ' if str ;ified drift is not ubiquitous throughout the are .
t- ench, dug uphill from 4509 3 ~7» coi.imencing at an ltitude of
309 feet, showed diura brown clay with occ 3ional sub-? n ,ul r stones
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to be overlain by a few inches only of fine, yellow-brown send. lie
clay with stones is inter reted as till.
3) the .ttrick-dnk tystem
Unlike the Holylee- shiesteel system, fchf . round the junction
of the Tweed and the littrick is notable for the intimacy of ice-contrct
forms, kamea, kettle holes and eskers, with terrace fragments. Jius
F410 emerges from a kame-like ridge and extends for 000 yards downvalley
while below it exist complex eskor nd kame forms, some cut by dry
channels leading from hi ,her kettle holes. Ihe two largest esker
systems ma ped on the north side of this section of the Tweed were that
commencing at 4795 3230 and runnin; eastwards, paralleled immediately
to the north by a meltwater channel, and the other commencing at
4843 5225 and running east-northe .stwa ds between a kame and kettle
complex nd F412. t 4894 3260, the rim of a kettle hole is only
some 7 to 9 feet above the lowest terrace fragment in the area and is
well below the level of F412. This kettle hole is only partly infilled,
m inly with ve ;etation. Northeast of Cascade House (4900 3291)• the
e- test numb r of k ~mer exist on the right bank of the river,
trending towards the bbotsford system or towards the present river.
In the vicinity of nnierland ball and to the southwest numerous
eskers, k mes and raeltwater channels exist, some of which were noted
by laldane (1940 p.12). he trend of '11 &he ridge forms is
r 'proximately northe stwards, i: ..nail. > .n and cross v lley.
iouth of the Tweed, little of tne intimacy of contact of kames and
.erssc s, visible only few hundred yards to the north, occurs,
nly y33 "nd smaller ra ;nonts such as F379 and F301 are in close
roximity to obvious ice-cmtact forms, Ihe last mentioned pair of
fra gments mr.y be in part artificial.
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Sections in this area are niraost non-existent. .small ex-o.tures
unler the are:;t end of Am erland Hall contained rounded stones between
0.2 _nd 4 inches diameter in a sandy matrix, k trench lu; down the
slope in front of the t2s.ll in 196? is said to have revealed at least
26 feet of sand and gravel. disused ;r" vol pits under the down¬
stream and of F412 still show 2 to 2 fa t of the very much thicker
mass while the flat is littered with rounded stones. .action in
non-terras!form deposits of s'nd and jmVol, showing up to about
4 feat in both coses, were noted at 490 ' 2166 and 4854.3112
Unlike the sifcuatim at the eviofc-fweed junction where a terrace
fragment complex occupies the area between the two rivers, one large
low flat, ?3d5» exists between the ,t trick and the fweed, ihis nd
adjacent low terrace fragm nts are scarred by several dry ch .nnols and
are rarely otoney, but usually of a sandy loam cexture. vdverbsnk
sections show this composition to persist at least as far downwards
as the water surf ce, some 4-6 feet below, exc pt for occasional
;r vel lenses.
Jho immediate area of .iin-: Farm contains one of .he few roiific
pre-historic sites kno n in the fweed Valley („., caille 1954 p.162),
-ry 1 r je numbers of aicroliths or py y flint have been found here,
.mainly dthin the lo ver regions -of ho field -/hose centre is 4350
2 25 (..uiholltnd i960), Jther flints have been found across the
;inor road to he north-east whil the owner of underland Iall r contly
r voted 'in in , others , |7 J 52 (p re, e . . • ; or hologically
he to t significant is roup found at 43 5 3 -30 on the rim of the
lo est terr ce :'r pent (414). If .hose " re in situ n 1 thou
the remnant is only orao 25 y rds wide at this point, the re" .• being
m .rked by slump .-i s* nd n i ;r-vei from underneath the hi her 12,
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there saeras to be li .ale possible doubt of this, at least parts of
■'414 must predate the Lesolithic a e as i ;ned to the artifacts,
bring to the stagnation of primitive economies in remote areas like
this, archealogists generally refuse to give any absolute dates for
the desolithic period in the f.veed Valley. Nonetheless most would
agree that the implements are unlikely to be younger than 4-.5000 years
old.
.. .the Holylee to heidpath gorge rer; (figure 6.3 and 7.1)
ihe only recent study of deglaciation in the fweed Valley is
that by rice (1961). iie mapped all the meltwater channels in
the upper fwe d Basin west of Innerleithen to;ether with the
'ssociated fluvlogl cial deposits, *lthough concentrating on the
former. His conclusion was that most of the early stage meltwaters
flowed northeastwards away from the centres of ice dispersion
(rice i960 ;.433t 3issons 1967a p.106). Most of the channels
oar ying this meltwater were initiated on-or subglacially, becoming
surer Imposed onto bedrock or re-existing drift in the former case as
the ice downaasted. At later stages, rice suggested, meltwaters
often reverted to drainage lines do ; 1 ore-existing valleys, Lhus in
location here the new drainage was s uth-flowing, compl te reversals
of drainage orientation mushave taken lace at some stage in the
dirr ) earance of the ice.
die ch no in v lley cross section from the narrow form
revalent bolo-/ dolylee to the br- .1 U/V ;h pad valley above ;hat
oint coincides with a marked d'iminutution in the number of high
terrace fr" ments, ice-contact landforras and low level meltwater
channels, all indicators of the orientation of meltwater drainage.
Low level k me-like masses are restricted to an 800 yard-long zone .
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tretchin / eastwards from Junip r B nk (3740 373-0. .mall sections
nd local information confirm that these few mounds are formed of
- nd - nd gravel. ,ome fifteen years ago, one of hese landforms was
bulldozed flat and is now a small well-defined terrace fragment, .
apparently comprising part of j?331« It is possible that ice-contact
fluvioglacial forms did exist in this section of the valley but have
been subsequently buried by the lowest terrac a. :,ames and kettle
holes exist in the area around 323 352, incorporating raeltwater
channels which appear to feed terrace fragments 307 and 309• ihese
remnants are over 100 feet above the riv r surface but she hollow at
3280 3515, believed to be a dissected kettle hole, extends very much
below this level.
In comparison with most of the other tributary valleys in this
section of the iVrced valley, the talker Burn terminates on. r in a small
fan, rather than in an extensive flat-topoed sheet of sand and gravel,
dome 500 yards down freed rom this small fan, a Tell marked fra pent
(354) occurs and a section under this revealed at least 4-5 feet of
o nd and ,gravel. ihe 1 tter was mainly under 1 inch in di met- r but
occasionally u to 3 inches across an showed rudimentary horizontal
bedding. much 1 r ;er fan (B321), certainly relict as it is clearly
truncated by the lower remnant F317, merges from small north-trending
valley at ..lenbenna (3^7 3£>7) • Fragm nt 319 may represent an
e rlier but similar feature.
A large mass of sand and gravel is known to exist in sheet
;"om in .ho mouth of the ...eithen ..at r. p rt free 359, it cannot
be ascertained from sapping alone whether the higher elements,
re re on ted by F342 -nd 33 , "re rimarily related to the .'we d or to
the eithen. .ections under 1340b, on which houses nd road have
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been built, 1 din , to some modifio ;ion of the urf ee, showed Id feet
of well-rounded stones up to 3 inches di! meter in ;ub-horizontal
bedding, with a sandy matrix. this is probably the same section
referred to by Haldone (1948 p.10) as consisting of 15 feet of gr vel
overl ing 6 feet of fine sand. Construction works on F350 permitted
the observation of a small section, consisting ofl2 inches of made
ground (road) overlying at least 3 feet of well-and sub-rounded gravel
1 to 12 inches in diameter end near-horizontally bedded in a s ndy
nr trix. lens of fine gravel was noted in the middle of the coarser
nu teriai, thinning towards the bank of the remn- nt. In the 40 .yard-
Ion 5 trench, he material was seen to become finer towards the bank
while a 40 feet wide shallow surface channel, probably similar to many
of those found, on he low terraces at the present day, was completely
infilled by silt -nd clay. . t the rear of this fragment (3361 3669)
4.0 feet of stoneless silty clay was found on top of gravel, sug esting
some dovmslope movement onto the terrace remnant. 00res in this
area in v; revealed the presence of approximately 10 feat of s nd and
r; vel (Carter 1966 .17 *18) overlying rookhead.
Jt is manifest that the lower fragments in the vicinity of the
Lei then ..ater/iVreed confluence are primarily related to the latter
river, Jhey - re incised into the ii her fragments nd are approximately
sub-parsllel with the fweed. typical rlverbmk section, observed
t 3362 3ol5» con isted of 3 feet of silt and fine sand with few stones
overlying 1 foo of large gravel, up to 6 inches in di.meter.
• ection t 5)27 5926 sho o... 4 fe t if silt and sand :itk .ravel lenses,
dipping more steeply than and conse juently disappearing below the river
urface.
.vents in the dsgl' cierisotion of the Idiloston /alley re .-mown
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in much greater detail than tho:.:e elsewhere in che fweed Valley wing
to the work of -jissdns (1950). He r. - ted the t the early st je
northeast orientation of drainage, c --using the deposition of kames in
an en :1 cial water table related to two northern ool levels, eventually
broke down and was replaced by subglacial meltwat r drainage to the
.south, home manifestation of this reversal of drain- e might reasonably
be ex acted in the Ieebles area. In fact, this town is built on a
1 roe sheet 31 gravel, the surface of hich is some 35 fe t bove the
Breed and which was mapped as F280 and 2G2, A oore at .2494 40 <7, luoted
by Garter (1966 '>,14), shows a thickness for this drift of 104 fe t,
c nsistin; of mud, gravel and sand with clayey mud. ore number 4
at this site (on the 1,0,0. files) showed moss to exis . 5 "0 t
below ho round urf; oe. Cut into the mar ins of this sheet of
ravel, which extends for more than a mile -long the IY/eed Valley
but only some 5 0 yards u the Gddle ton iater Valley, are several
lower terrace remnants such s F274, ?76, 270 n. 284.
Comp-rablo forms south of th : river t this poinL -ro not as
ell developed although they do exist, probably represented by P269
and 271-. ' large channel separates these two fragments and is
'1ready partly afilled i h refuse, downstream frsn this point,
F 71 f becomes ver extensive, attaining a width of 8 ') rards be ween
266 390 nd 266 388. art of this may be related not to the uweed
but to the now-small stream draining the C demui ■ channel. The '
terminal ridge, transverse to the latter valley at 2580 3922, which
n .3 some 65 feet bove the fweed, m iy be •- moraine ltiiou.,a a similar
rid.-o to the north©" st nown to be formed entirely of rock, £he
only .cnown actions in the term iform deposits south of the river
.ore recently provided through exoav :ion for housing sites in
ings e down (256 39-3). A trench 100 yards, from nd p rolled to the
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fraiu ir road showed 5 feet of fine veJ to ovrlie the same
thickness of coarser gravel,: op to 9 inches in diameter. the few
traces of beddin visible seemed to be horizontal and undistorted,
,ome 400 yards to the south at 2571 5970, 3 feet of small grovel was
again expose! but adjacent hill slopes were found to consist entirely
of ■ he vy clay.
Llsewher© in this area apparently-relict terrace fragments are
best developed between the Gasometers (271 398) and Horsbrugh ford
(299 393) on the north side of the river, continued on the right bank
from 0 r trona Mains (301 390) to Cardrona and finally terminate some
1400 yards farther downv.alley on the left b nk below Velvet Hall
Gottayes, iome of the higher fragments, such as P500 , 332 and
o oibly 291,are punctured by kettle holes.
Broad lot.' terraces are ubiquitous throughout the area. Most ore
heavily scarred by presently-dry channels indicating scour routes in
time of flood or a change in lateral position of the iweed. A
comparison of John Ainslie's map of July 1774 with the present situation
shows that a braided section of the fweed flowed through the now-
abrndonad cu -off at 345 371 nd also in the present southerly course
rt that time. gome dry channels a.re certainly due to human interference:
the river was diverted in the region of fraquair House in the seventeenth
century to prevent urther undercutting of the foundations.
:. ivifence "or a. Buried Valley of the middle iVeed
■In comparison ;ith the Lower fweed, li :.le evidence is v il-ble
on which to construct any hypo thesis of the depth >f infill of the
. iddle Bveed Valley or i s tributaries nd the presence of any
c e l ately buried v 11 yys.
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fhe pre nee of lterne tins ;orje nd open sections of r.
vai n has of ten been the stimulus to discoveries of completely drift-
lu ed sections. It has 1ready been noted (Ch-pter 4) that
• Ceikie postulated the presence of a sinuous,completely buried
channel under the broad terrace reran.nts east of jarnick and pelrose,
finally, it has been concluded (Chapter 4) that the sections in the
ewstead and Mertoun Mill areas do not necessarily imply the presence
of this buried valley. However,-- most sttg estive hint of a buried
v lley now short-circuited by a ;or ;e was noted between 670 520 and
685 353. liere a broad,low depression parallels the rock-walled and
-floored gorge of the present fweed and is known to include both till
and fluvioglacial deposits. One part of the depression is separated
rom the present fweed only by P578 and the steep-sided, sand-covered
ri 1ge commenoin - at 6706 3215 which has already been discussed
(.jection a). It is likely that the flat floor of the depression is
at least in part a continuation of F570*
11 .he othe evidence available pertains to the epth of infill
in the present itoeed Valley. At locations such as within much of
the fakerstoun gorge and at 471 524> rock is exposed in the v: lley
floor. fhe latter spot is particularly ignificant as it is only
short distance up-valley from the recent bores for the proposed
Lowood Jrid ;e sho ing minimal infill of 57 feet while several
bores in tel.irk (Carter I966 pp 26-30) sho . e {uiv lent values of the
order of 43-60 feet. It should be no ed,however,that bores through
he lowest terrace fr ;ment at .kl.- s .iels show only 12 to 3d feet of
Infill (Carter pp. 21—22), while sores for J^.y -rrnje Bridge (y7d2 d477)
in the upscream end of uemer yde forge show only 10 feat of s nd and
;rrvel in ;he riv r bed, together with 2 to 11 f t of soil nd
•
n-.y Cray with stones pn the outhern bank. Honefhele s he ores
at ceebles and Innerleithen already described 3Ug est that in the
broader sections of :he iweed, the infill is very much thicker.
It seems reasonable to infer from this that glacial erosion may have
contributed significantly to the valley bottom form in these areas.
CHAPTER 7.
TERRACE FRAGMENTS AMD RELATED FLUVIOOLACIAL FEATURES BETWEEM NEIDPATH
GORGE AMD TiTEEDHQPEFOQT ♦
A, Meidpath to Stobo Castle and Wester Happrew. (Figure 7.1).
The area surrounding the junction between the rivers Lyne and
Tweed contains remarkable ice-contact and other fluvioglacial
phenomena comparable only with the Abbotsford and Corrrhill-Crookhaa
complexes. In marked contrast to this, the Tweed-Manor junction is
totally undistinguished by any such features, suggesting that drainage
until a relatively late stage escaped via the Cademuir Channel. In
discussing the ice-contact and intimately related terrace fragments,
each valley will, for convenience, be considered in turn.
1) The Tweed Valley. Price (1961 pp. 62 - 108) map »ed the melt-
water channels and fluvioglaoial features in this area. He concluded
that as the considerable thickness of gravel in the Stobo-Easter
Happrew area was apparently overlain by an esker and also because
little evidence was found of any alternative explanation, these
deposits may well have been formed subglacially. This was based on
the belief that the surfaces of these terrasiform deposits are
horizontal (derived from heighting with an aneroid barometer) but
at different levels. Their extensive, relatively flat-topped nature
led Goodchild (1902) to suggest that these were lacustrine forms,
while Sissons has also differed from the Price interpretation by
suggesting that much of the sand and gravel was laid down in a pro-
glacial environment, perhaps marking the limit of the Perth Readvance
in this area (pers. coma.).
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Mapping of the fluvioglacial depositional features showed that
the Sheriffmuir Esker, using "rice's terminology, commences as two
sub-parallel ridges above Stobo Church (1327 37^5)» ia truncated by
a large northeastward-trending meltwater channel, and then runs virtually
continuously for a mile, terminating at 1903 3373* A section in this
feature at 1870 3348 showed 8 feet of coarse gravel (Plate 29 ) up to
1.5 feet diameter, with relatively little sand present. Downvalley from
this occur several poorly defined flat-topped gravelly mounds, interpreted
as terrace fragments and heighted as such. These in turn disappear down-
valley and are succeeded by a much higher comnlex of mounds of sand and
gravel, out by numerous dry channels, the courses of which often truncate
higher like forms. Two such channels unite at 1935 4044 and, fowning
a 25 feet deep flat-bottomed valley between F 214 and 216, run northeast¬
wards until abruptly truncated by the present Lyne Water. The majority
of these mounds are interpreted as kames and eskers on the basis of
their morphology and internal constitution although it is probable that
two elongate ridges at 1977 4025 and 1970 3995 are dissected remnants
of a once-oontinuous surface between F 216 and 214»
Fragment 216 is some 30-90 feet above the present Tweed surface
yet even higher fragments do exist. Remnant F 212, for example, appears
to be about 60 feet above the surface of the main flat. Both of these
are pitted by a few kettle holes, the largest of which occurs at 2021
4020. An entirely closed, steep-sided depression, some 20 feet deep,
this is only a few yards from the front edge of the fragment which
overlooks the river Lyne. The suspicion that a feature such as this,
very much larger than all others in this area, may be artificial is
unlikely to be justified. It is improbable that this was a gravel pit
as sources of good gravel are found all along the main roads and also
gravel is usually most easily extracted by digging into pre-existing
banks.
Features on the eastern bank of the Tweed are far more poorly
developed than those on the west. Although sand and gravel is found
at least as high as 650 feet O.D.villustrated by numerous small sections
in the woods around 1945 3840* the morphological expression of this
material is rarely sharp. In general, it consists of a series of small
elongate terrace fragments separated by moderate slopes. Unlike the
situation northeast of Stobo, where shallow kettle holes were found
on a terrace fragment (F190) only some 25 feet above the river, the
eastern bank terrace remnants are usually smooth or so dissected as to
render recognition of dead ioe hollows impossible. The only large
fragment (F 237) immediately upvalley from Barns (2163 3924), is scarred
by two now dry-channels but also appears free of kettle holes.
Numerous small sections occur in the ice-contact and terrasiform
in
deposits of this area yet the only large section known is the Sheriff-
muir esker and has already been described. The owner of Ea ster happrew
described a road cutting at 2004 4053 in the deposits underlying F 216
as consisting of at least 20 feet of sand and gravel which included a
vertical lens of blue olay. Today the section is almost completely
overgrown but well-rounded gravel and boulders up to 1 foot in diameter
still litter the surface. He also claimed that the top few feet of
deposits around 2040 3999 were almost gravel-free, consisting of loosely
bound sand. All the fragments are littered with stones except where
obscured by a vegetation cover and, in general, the higher the fragment,
the larger are the stones found on it. On F 193, for example, few stones
approach the maximal diameter of 12 inches, most of the surface being
covered by gravel which ranges in size from 0.1 to 1.0 inches across.
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The fragment vertically above this, F 202,is strewn with boulders up
to 2 feet across while small gravel is much rarer than in the previous
example.
The general unsatisfactory nature of the knowledge of drift
thickness in the area led to the undertaking of a number of seismic
refraction traverses around the margins of the largest fragment, F 216,
and across F 208. The results and the interpretations are summarised
as sets 9 to 30 and tabulated in appendix 4. Figure 7«3 shows the
depths to rockhead along a line of section parallel to the course of
the Lyne. This suggests that although surface variation in height is
small in the main, bedrock forms buried ridges in the centre of the
section. Depths of 60 feet of sand and gravel are quite common, reveal¬
ing the considerable commercial value of these terrasiform denosits.
It must be stressed, however, that these interpretations are not tied
to borehole evidence and therefore can only be regarded as provisional,
particularly as in those oases where a fourth stratum was discovered,
an approximation method was employed to calculate the depth to the
interface between it and the overlying deposits.
2). The hyne Valley. The most striking feature of the high terrace
fragments in the Lyne Valley is their abrupt termination at Five Mile
Bridge (1864 4079)* Upstream from here only a low terrace, some 3 feet
above the water level, persists for at lenst as far as 165 430, with
the exception of fans of at least three different periods at the junction
of the Drumerlie and Tor Burns (1735 4163) and a single very much higher
and probably unrelated flat at Ladyurd (149 427). Large channels, some
entirely dry and believed to be largely due to glacial meltwaters, crease
the northern bank of the T.yne in this area while the rock outcrops at
1820 4003 and 1750 4134 testify to the thin drift deposits on the opposite
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valley side. Only at 1746 4149, where a section showed 15 feet of bedded
sande and gravels, presumably related to an ancestor of the present Tor
Burn, is the depth of surfioial material known to exceed 2-3 feet.
Approximately 3«5 miles upvalley at "edyurd an extensive flat once
existed at approximately 860 feet O.D. Seotions in the gravel pit
now present showed 10 feet of foreset, even bedding overlain by 5 feet
of topset beds, made up of coarse sand and gravel. No kames and kettles,
or similar flats were observed in brief investigations in adjacent areas.
Downvalley from Five Mile Bridge, the situation is very different.
Terrace fragments such as F 222, some 110 feet above the river, are
ubiquitous and while a large rook outorop at 1870 4075 reaches to within
8 feet of the surface at this point, it is clear, from such sections as
that at 1349 4069, that most of the terrace remnants are underlain by
considerable thicknesses of sand and gravel. The section at 1849 4069
shows hard-packed gravel, up to a foot in diameter, lying 25 feet below
the surface which constitutes F 224* A stone count at this point,
employing 100 stones picked at random, yielded results tabulated in
appendix 5* These show a preponderance of Central Valley erratics,
indicating that this section of the terrasiform deposits may have had
a northwesterly origin.
Fragment 222 is large and has a marked backslone. On it or rising
through it, above I2allyne,is a small esker or kaiae: a section in this
at 1906 4058 showed inclined beds of fine to coarse gravel with boulders
up to 1.5 feet diameter in a silty clay and fine sand matrix. The
inclination of the beds was approximately parallel with that of the
surface, A stone count in this exposure (appendix 5) also revealed
that many of the stones may have had their origin in a northwesterly
direction. The relationship of the ridge to F 222 is complicated by
a dry channel, west of and parallel to the overall south-southeast trend
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of the esker. A similar hut smaller ridge, believed to be composed
of sand and gravel, underlies Hallyne Church and is orientated from
west to east, apparently below the projected level of F 222. Traces
of these high terraces continue as far downvalley as about 201 40?
although here the cross profile is manifestly sloping towards the
front of this particular remnant. The termination of these features
virtually coincides with the presence of a north to south, 30 feet
deep dry channel and, east of this, karae-like ridges of sand and
gravel exist at comparable altitudes.
At much lower altitudes, numerous other terrace remnants appear
to be clearly related to a water flow down the Lyne and are chiselled
into or built up against the higher features e.g. F 232, 236, 23-3 and
240. In the area of Lyne Station (209 400) these merge with similar
Tweed terrace fragments and some complexity of form exists.
and
Between the junction of Tweed and Lyne downstream as far as ffeidpath
Gorge only two other areas of terrace fragments are worthy of comment.
The first of theoe contains F 266 and 268, some 53 feet above the Tweed
and underlying Bdston Farm (222 394)• These emanate from a south-drain
-iiig tributary valley and while the former slopes markedly towards the
Tweed, the latter appears to have a more normal oross profile, sug eat¬
ing affinities with Tweed waters. Numerous ;.aall exposures half-way
up the frontal scarp at 2206 3927 prove the terrasiform deposits to
consist of coarse grave1. The second area of interest is the arcuate
now-dry channel, whose floor was mapped as F 247 and 255 • As the
upstream lip of this is only about 6 feet above the present river, it
is likely that this is a recently abandoned course of at least part of
the Tweed. Smaller terrace fragments and intervening slopes make up
the meander core. A poor section below F 249 at 2212 3909 showed at
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least 5 feet of sand and gravel, the latter up to 6 inches in diameter.
Low terrace fragments, within a few feet of the river, are ubiquitous
throughout this area and,as elsewhere, these surfaces are free from
the extreme stoneyness of higher flats but scarred by more shallow
dry channels,
B. Stobo Castle to the Crook Inn, (Figures 7.1 and 7,2).
This section of the Tweed ( and associated sections of its
tributaries) can be briefly summarised by stating that it is composed
of two areas of a high terrace density, separated by other areas in
which virtually only one low terrace prevails.
1) The Barren Areas, The first of these is that from Stobo Castle
to Drumelzier, including the Biggar Water valley as far upstream as
Broughton. Only P 209 and a kame and kettle complex immediately below
it, west of Bettspool (161 332), diminish the monotony of the terrace
sequence although stratified drift of amorphous surface morphology is
exposed in several locations such as at 1659 3569* 'fere 4 feet of sand
and gravel, the latter having a maximal observed diameter of 9 inches,
was seen.
From about 123 330 to Logan Cottage (1083 2892), a similar pattern
is present,although small kames and kettle holes fringe the banks above
the solitary low terrace in parts, as around Rowanbank (1199 3221),
while a high-level fan underlies "'ossfennan and low-level fans emanate
from small tributary valleys at Bbpecarton (127 509) and Easter Stanhope
(122 297). A section in the Hopecarton fan is reproduced as section 23
in appendix 6. It is possible that part of these deposits was built up
in contact with decaying ice, accounting for the contortion noted in
the bedding. terrace fragment P 132, some 30 feet above the river,
is unusual in being underlain largely by rough subangular material. From
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the vicinity of this fragment upvalley as far as the headwaters of
the Tweed, meltwater channels, often cut to depths of 30 feet in
rock, become more frequent and sometimes appear to be associated with
the terrace fragments.
A third, near-barren, stretoh of •low terrace only* valley commences
near Chester Knowes (122 282) and continues upvalley for approximately
a mile, broken only by small tributary valley fans, particularly at
Polmood, and the presence of F 183 •
2) The Reohan Area. This area is best considered in two discrete
parts as these are very different. The first occupies the Tweed
valley from about 123 330 as far downstream as the .junction with the
Biggar Water. Apart from the ubiquitous low terrace, no higher flats
are present. In contrast, however, to the barren areas previously
described, the hill slopes, particularly on the right bank of the river,
are oovered by northeast-orientated sand and gravel ridges extending
at least as low as water level in the vicinity of Drumelzier Place
(1255 3359) and poking through the lowest terrace as far downvalley as
Deadmans Xhowe (1322 3470). Other examples of these near-submerged
ridges, interpreted as partly-buried kames, are Haggies Knowe (1310
3420) end that on which Merlindale (1300 3408) is built, while many
similar features occur in 'suckle Muir Plantation. Those adjacent to
the river show no signs of ever having been subject to erosion or
deposition from much higher water levels than exist at present.
Frequently, too, kettle holes whose rims are only a few feet above
the present stream level show no evidence of infilling.
The only terrace fragments apparently related to this section of
the Tweed valley are those dowmnlley from the kames near Merlindale
Bridge, F 205 and F 207. The former is rather irregular, hacked on
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its river side by a kame while the latter in part at least seems
related to the valley of the Drumelzier Burn. A section some 5 feet
below the surface of P 205 and 35 feet above the river showed gravel
and boulders up to 2 feet across in a sandy matrix,with quasi-horizontal
bedding.
The terrace sequence in the Holm Water, the lower reaches of
which parallel the Tweed in this area and are separated from it by
Raohan Hill,is very different. Ho kames are known in this tributary
as far upvalley as 108 335» except for a partly-buried example at
1142 3422. Both here and in the col channel between the two valleys
south of Raohan Hill a complex of terrace fragments occurs, the
highest part of which, P 136,is some 150 feet above the nearest part
of the Tweed surface. Mapped evidence suggests that these remnants
slope down the col channel from the Tweed to the Holm later and merge
with others solely related to agents operating in the latter valley.
Some fragments are irregular, such as F 1465while many others are
definitely pieroed by kettle holes. In particular, two large depress¬
ions in P 156, centred at 11553445 &nd 1230 3460 may be parts of
relict stream courses but appear more likely to have originated due
to the burial of detached blocks of glaoier ice. The rim of the second
example, now occupied by a fish pond, is broken only at 1223 346?
where, for a few yards, the rim is only 2 to 3 feet above F 152.
The interelationship of these terrace fragments are not often
obvious: while it is olear that P 152 cuts out fragments 146, 150,
156, 160 and others, morphological mapping evidence is not sufficient
to distinguish age relationships in cases like the junction of F 150
and P 156, occupied by a large kettle hole. The only deep section
underlying these remnants was found at 1102 3592, where a combination
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of the common small sections showed at least 20 feet of sand and
gravel, with boulders up to a foot in diameter, to exist under P 146.
3) The Kinfledorea Area, A series of terrace fragments emanates
from the valley of the Kingledores Burn, commencing at 1037 2902.
Immediately upvalley,two large kames were mapped at 1020 2797 and
0992 2770, below the level of most of the remnants. Owing to consider
--able and apparently recent dissection by the Kingledores Burn,
exposures in the karaes exist which reveal about 35 feet of sand, gravel
and angular boulders up to 2 feet in length. Sand and gravel is also
common on the northern slopes of this valley up to the level of F 126
where an abrupt transition to scree was found. It is possible that
this scree is recent and only veneers further sand. The presence of
terraces at the mouth of the Kingledores Burn valley and also diametric¬
ally opposite the junction of this with the Tweed valley, at Patervan
(the latter suite being the only flats in this section of the Tweed.
except for the floodplain)5 may well be significant.
The only good section exposed under any of the fragments in the
Kingledores area is at 1083 2854» in the terrasiform deposits under¬
lying P 120, This showed 6 feet of partly subangular boulders (although
many were rounded) with some sand in the matrix (Plate 32 ). Small
sections and the usual extremely stoney surfaces suggested that at
least most other terrace remnants are underlain by gravel. Seismic
traverses carried out along a transect line down the middle and across
P 112 provided results which are tabulated, along with their interpre¬
tations, as sets 2 to 8 in appendix 4. These results show an encourag¬
ing similarity in depths of gravel which has a mean value of about
25 feet. Interpretation of the depths to rockhead is very difficult
in this area owing to the till and bedrock velocities being very
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similar. As in most previous cases, the results are not tied to bore¬
hole control and,despite their consistency, must be regarded as
provisional until confirmation is obtained by other means.
C. The Crook Inn to Tweedhopefoot. (Figure 7.2).
A century ago Young (1864) published his notable early work on
the evidence for small glaciers in the headwaters of the Yarrow and
somw Tweed tributaries. This fascinating account has remained largely
unamplified except for the work of Price (1961) and Sissons (1967a
pp. 97 and 141). The former author accepted the conclusions of J.
Geikie (1894 p.264) that the numerous moraines present were formed
by a readvance, the so-oalled 'valley glaciation', and suggested that
this should be equated with the Perth Readvance of Central Sootland.
A much more likely suggestion, in view of the evolution of knowledge
since
of glacial chronology made in the seven years the publication of "rice's
work, was put forward by Sissons (1967a). Mapping these morainic
deposits in the Upper Talla and nearby valleys, he was able to produce
a map of the ice flow at the time of the last known glaciation in this
area. Propounding that a small plateau ice cap existed at this stage,
he implicitly suggested that these moraines renresent the local
equivalent on the Zone III Loch Lomond Readvance.
This section of the Tweed valley itself is unique in that all the
higher terrace forms therein appear to originate in tributary valleys.
Above the junction with the last major tributary near Tweedhopefoot no
significant terrace forms are found in the main valley. Only lo?
fragments, mostly small and oarved from the higher remnants, seen
related to the Tweed itself. It is likely that many of the intermediate
and lower remnants are the projections of tributary valley fragments.
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A proliferation of terrace fragments is thus found at the
junctions of the main river and such tributaries as the Tplla,
"•enzion, Fruid and Cor faters and the Hawkshaws Bum. Bven at the
outlet of smaller valleys the fans, suoh as that at Hopecarton and
Crlenrusca (1060 2496),were found to represent at least two stages.
The most extensive surfaces, however, those emanating from the Fruid
•later (Plate 36) and the Hawkshaws and Fingland Burn valleys, are
underlain by an unknown quantity of peat and drift and terminate
upvalley by thinning towards the valley sides. In the case of the
Fruid iVater Valley, only a low terrace about 2 feet above the river
is found for at least 2000 yards upvalley from the point where F 91
ends, and similar valley forms exist short distances upvalley from
the exit in all the other tributary valleys.
Apart from the obvious peat cover, little i3 known of the
terrasiform deposits underlying these higher flats. A section et
O56O 1770 under F 1 showed 1 foot of yellow s»»nd underlying an 13
inches deep pe*ty podsol, in turn underlain by 9 feet of deposits,
the top 5 feet of which consisted of coarse Travel and boulders up
to a foot in diameter while the remainder was obscured by slopewash.
Another exposure at 0675 2109# under F 47# showed 13 feet of sand
and rounded and subrounded gravel with odd blocks up to 2 feet across.
The extensive slonewash concealed any sorting or bedding but some
clay was noted in the upper layers. At 0693 2194, the deposits
underlying F 51 were found to consist of 20 feet of rounded and sub-
rounded .gravel up to 7 inches across, tightly packed at the top and
more loosely bound with sand at lower levels. Sections at the mouth
of the Fruid around 0837 2323 showed a 35 feet high face to be partially
obscured by thick slonewash but to consist in the main of fine red-brown
sand with rounded and sub-rounded gravel and boulders up to 1.5 feet
in diameter. Two hundred yards downstream, underlying P 103, a
similar lithology overlay rockhead which is about 16 feet above the
river at this point. No clay was seen in either of the last two
exposures.
Attempts to make seismic refraction traverses over some of the
higher flats were largely thwarted by difficulty in tripping the
inertia switch owing to the low hammer deceleration rate on very soft
peat. The only traverse completed, on P 91, suggests a thickness of
peat of about 2 feet at 0359 2297. Elsewhere on the same flat the
very much wetter and softer surface probably reflects depths of peat
up to 5 feet or more. The results of this single traverse are tabulated
as set 1 in appendix 4.
Apart from neat, however, two types of denosit unknown in areas
adjacent to the Tweed outside this region were found and may underlie
some terrace fragments. A section at 0555 1797 under what appeared
to be a large fan emanating from the very small valley of the Badentree
Burn is reproduced as section 27 in appendix 6. No stratification
whatever was visible within each lithostratigraphic unit, ipany of the
stones appearing to be orientated randomly (Plate 37). Similar deposits,
isually containing a higher silty-clay content but often incorporating
layers of sand or gravel were found infilling a valley at 0727 2270,
of which no surface expression remained. The recent discovery by Ragg
and Bibby (1966) of considerable thicknesses of periglacial material
in the Broad Law area suggests that J. Rose's interpretation of this
channel infill (pers comm.) as mainly solifluotion material may very
well be correct. Nonetheless, either the distribution of this material
must vary considerably near the floor of the valley or meltwater
channels of different ages must exist as several channels were found
at relatively low levels with no vestige of suoh an infill, while
others, as noted above, can only be observed in sections*
The other type of deposit not present elsewhere in the Tweed
Valley is that observed in section at 0555 2082 and believed to
e
compos© the two sounds forming the riversdge extremities of parts of
P 51 and 63* Along the main road from 057 213 at least as far as
055 206, particularly at the spot noted above, angular material up
to 1,5 feet diameter, but usually much smaller, occurs to maximal
observed depths of 5 feet* It is possible that in parts this may
represent a frost-shattered residue overlying bedrock, concentrated
in some areas by downslope movement. Squally, however, it may be
morainic in character.
Very few ice-contact fluvioglacial deposits were found in this
area. On the left bank of the Tweed, numerous meltwater channels
exist, paralleling the overall downvalley direction and descending
approximately to the level of the highest flats on the other side of
the river. At the termination of the longest of these channels, the
0.5 mile long Slake, at 0891 2385,and also at a similar location at
0921 2410, a few kames occur, probably related to late stage water flow
along these channels.
Sections are scarce under all but the lowest terraces of this area.
Bedrock exposed in the river bed at Tweedsmuir Bridge (0977 2435) was
seen to approach within a few feet of the surface of some of the
remnants in that area. Yet only 500 yards downvalley, the thick com¬
plex of drift described as section 26 in appendix 6 was noted. The
steeply-inclined beds of sand and Travel which are truncated by the
overlying quasi-horizontal boulder and sand and -ravel beds, are
best interpreted as ice-contact deposits, perhaps once existing within
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a kame. The overlying beds would seetn to indicate a proglaoial origin
and, in view of the overall reduction in mean particle size upward,
increasing distance from the loe front or diminishing discharge of the
raeltwaters. It is suspected that much of the upper 3 feet is related
to deposition from the Bield Burn. An obvious fan debouches on to
P 92 at Riverview (1003 2434).
Riverbank sections under the lowest fragments generally show sand
or gravel. In several locations a peat layer is present under 2 to
4 feet of this sand and occasional gravel. Pour samples from three
different locations were taken and were analysed by Dr W.W. Newey.
The pollen counts he obtained from samples taken at points 1 (0555 1797)
and 3 (0549 1371) are listed in appendix 7. In the former case the
sample was obtained from 2 feet above the river and an equal distance
below the lowest fragment in that area,while the latter sample was
taken in the middle of a peat band, 6 inches above rockhead, 2 feet
above the Tweed and 2.5 feet below P 20, Although insufficient samples
were gathered from any one location for accurate dating purposes, Dr.
Hewey was able to suggest that these organio deposits were forred in
Pollen 4one VIII. This is based on the high proportion of nou -arboreal
pollen to the arboreal variety and supported by the presence of weeds,
such as Plantago, Rumex and Umbelliferae. He states that the forest
cover at the time cannot have been anything like complete and thus
deforestation was in progress. Jhat woodland was present consisted
largely of alders, birohes and hazel. Very strong local influence
anoears in both samples, the pollen count being affected by heathers
(Ericaceae) and sphagnum, with sedges (Cyperaceae) and grasses (Graminese).
Thus these plant assemblages are characteristic of heath or blanket bog
of Sub-Atlantic type.
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D. I-hridenoe for Buried Valleys in the Upper Tweed.
Apart from the lines of sections obtained by bores in the Talla
and Fruid valleys (Chapter 4), no other evidence exists to indicate
the depth of infill in the Upper Tweed valley or its tributaries,
a^ve where it is zero i.e. the rockhead is at the ground surface in
the valley bottom. Sites where this was observed are 0825 2312 and
Tweedsmuir Bridge in the Tweed and 0879 2288 in the Fruid vVater
valleys. Above the A 701 road, numerous small sections in tributary
valleys show rockhead within s few feet of the surface and equally,
similar exposures on the other side of the main river, as at 0751
2237, are not uncommon. Several bores drilled around 1307 3470
through the floodplain in the Drumelzier area for clay to act as
puddle for the oore of the Talla dam showed only that up to 6 feet
of mossy clay overlies a minimum of 7 feet of sand and gravel.
Thus the evidence for buried sections of the Tweed Valley or
its tributaries is totally insufficient for reliable interpretation,
.'/hat evidence does exist, however, suggests a relatively thin infill
but this infill may vary substantially. It is entirely possible,
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The fundamental assumption in heighting terrace fragments in any
manner other than on e grid network or in a purely random fashion has
already been disoussed (Chapter 3)« This is that in setting up single
lines of heights down a terrace fragment, all are believed to be at
significant locations and, as a corollary, to be representative of the
surface to an acceptable degree of acouracy. If the representation
error is not small, and it varies from fragment to fragment, this is
likely to be an important source of error in the correlation of raphed
points,
Miscorrelations are, however, probably more frequent owing to
distortions from the projection plane utilised than to the representation
error. In many ways the problem of representing heights of terrace
fragments on graphs is identical to those encountered in the use of
map projections. Distortions arc; inevitable and the form and magnitude
of there must be appreciated before any interpretation of results is
attempted, .ifhile many workers have, like Powers (1962), expressed
some misgivings on the interpretation of graphed fragment heights on
a simple height/distance diagram, the only other »n"lysis of the problem
known to the author is by 'irby (1066). It is believed that this
account is rather more comprehensive than the latter. The distortions
are best considered under two headings; those due to curvilinear and
those due to linear projection pianos.
A. Curvilinear Vertical ro.iection "lanes.
Most floo&plains parallel the downstream gradient of the stream
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responsible for them (Leopold, iolman and liller 19&4 p.465)« Thus
they and other fluvial terraces are most conveniently represented
graphically by projection into a plane following the course of this
stream, minimising the distortions in representation of terrace heights,
which were presumably collected parallel to and near to the stream
course in the case of present-day terraces. This apparently simple
solution leads to immediate difficulties. First of these, extremely
important conceptually if less so in practice, is that in utilising
a curvilinear plane following the course of a river, the issue of terraoe
origin is oartly prejudged s only for meandering river-caused flats is
this projection suitable. For such an origin to be assigned to a
fragment in anticipation of projection of the heights requires either
inspired intuition or the presence of appropriate primary surface rough
-ness.
As well as requiring a prejudgement of the origin of the features,
use of such a projection also demands an initial assessment of correla¬
tion, later to be accepted or repudiated by a series of tests, either
visual or statistical. The assumed correlation of fragments is necessary
in order to orientate the vertical projection plane. Yet the absurd
requirement of a different projection plane for every terraoe and, strictly,
for every change of river course, in combination with the great amount
of frontal erosion suffered by many terraces and the usual lack of
evidence of the sinuosity or even pattern of the rivers responsible for
them ensures that this projection form becomes not only optimistically
"C
accurate but also conceptually and pactically impossible.
A variant on this which is frequently employed is the curvilinear
projection plane down the middle of a valley, following the valley course
rather than that of the river. The not inconsiderable distortions
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associated with this form have often been ignored. Tomlinson (1925)*
for example, illustrated her paper on the terraces in the Lower Avon
Valley by a height/distance diagram, the base line of which accords
in length neither with the straight line nor with the river surface
distance between Stratford and Tewkesbury. No indication is given of
the layout of this single plane in plan view so it is impossible to
know where the distortions occur and what their magnitude is likely
to be. Except where steeply incised gorge sections of the valley exist,
the looation of such a plane must invariably be a compromise. If the
valley is asymetrioal in cross profile, the location of the vertical
plane should shift as projection of the heights of successively higher
terrace fragments is carried out. This problem is illustrated In
figure 8.1, a hypothetical diagram. In cases where, say, high-level
outwash is separated vertically from the present river by several terrace
fragments, the vertical increments between these being less than 20-30
feet, the problem becomes very serious. Even where the outwash does
not diverge from the main valley, as it appears to do in the Tweed
Valley near Wrae Farm (Chapter 7), the projection distortions of such
closely spaced terrace fragments could create one surface from several
smaller distinct features or the reverse situation, depending on the
orientation of the plane with resoect to the fragments.
An extension of this problem is illustrated by figure 8.2. In the
usual case of a valley asymebrical in cross profile in the region of
meanders, not only is a different course for the mid-valley projection
plane at higher levels necessary but such higher level planes will have
a reduced sinuosity index, loading to appreciably different overall
lengths for the projection base linos and thus considerable difficulty
in comparison of low and high levol features. The alternative is to
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ignore the often considerable variations in distance to the projection
plane between left and right bank terrace fragments oausing further
differential distortions from projection into a curvilinear plane. A
possible solution might be the use of a plane non-linear both in plan
and in cross valley profile, thus maintaining its mid-valley position
over any range of altitude. The more complex geometrical properties
and problems of this type of projection plane wore not examined.
A second major problem with this mid-valley plane, or indoed
with any sinuous form, is the ambiguity of plotting positions that
is possible, particularly where the valley is extremely sinuous or
where the plane is some distance from terrace fragments. Figure 8.3
illustrates the point by taking the special case where the heighted
point on a terrace is the centre of a seotor of a circle whose circum¬
ference is partly followed by the vertical projection plane. In this
case, there is an infinite number of points at which a line can be
drawn from the piano to that point so as to be perpendioular to a
tangent to the curve. Projection of heighted points along the front
of a relatively straight-edged terrace fragment within a sinuous
valley leads to a point distribution on the graph approximating to
that of the trough centres of a longitudinal wave form where the pattern
of the valley meanders in plan is sinusoidal. This i3 illustrated by
figure 8,4, a section from a plot of heights from F 535 into a sinuous
vertical plane following the river, The effect of alternately stretch
-ing arart and compressing- together the distances between spot heights
is identical in form but greater in scale and thus more obvious in this
case compared with that involving projection into a plane following the
middle of the valley.
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B. Linear Vertical Projection lanes.
The numerous distortions and disadvantages noted above, combined
with the relative ease with which the type and decree of distortion of
any one fragment's representation can be calculated when the linear
vertical tyoe of projection plane is employed, resulted in the exclusive
use of the latter in the final plotting of terrace remnants in this
study. Nearly 40 of these planes were found to be necessary and their
distribution is shown in figure 3.5l the grid references of the inter¬
sections or the terminal points of the planes are inoluded in the height/
distance graphs, figures 9,1 to 9,23,
Like the curvilinear vertical projection plane, the linear one has
inherent defects. Figure 3.6 illustrates the result of a continuous
projection of floodplain or river surface height into such a plane,
assuming a constant downstream -radient of both features. Rarely is a
terrace so well preserved that this projected form will be obvious but
it is possible that, in oart at least, the sigmoidal profiles suggested
possible by Frye and Leonard (1954) are due to a projection effect of
this nature (figure 8.6b), By heighting a terrace in two lines, both
parallel to the projection plane XY, one through and terminating at B
and the other through and commencing at S, an apparent knickpoint can
be produced in either river or terrace profile as shown in figure 8.6c.
An apparent uphill section in a terrace profile due simply to orojection
effects is shown in figure 8.6d. rfhile extremely simple, it is believed
these and similar elementary geometrical relationships have been over¬
looked in some of the past literature.
Unlike projections into a sinuous plane, those onto vertical linear
equivalents are not influenced by distance from the plane and no ambiguity
of plotting position exists. As « linear pl^ne is inevitably shorter
than any sinuous plane for a given length of valley, the effeot of the
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former is to reproduce correctly or to foreshorten the distance between
any two adjacent heights on terraces. The curvilinear plane reproduces
correctly, foreshortens or extends the projected terraces. The difference
between the two types is shown by comparison of the total lengths of
the linear projection planes between intersections and the river thalweg
distance, the latter being 12 per cent greater than the former. Figure
8.7 illustrates that the reproduced equivalent of a distance AB on a
terrace fragment when projected into a linear vertioal plane is AB
cos oc, where cC is the angle between AB or AB produced and the plane.
Thus the amount of foreshortening of a unit distance AB in such a
situation is ©quel to AB{1 - cos oC).
The orientations and locations of the linear planes of projection
shown in figure 3.5 were chosen subjectively to give what seemed reason¬
able approximations to the trend of approximately linear sections of the
Tweed Valley. Two sources of distortion inherent in the use of this
type of analysis are affected by the appropriateness of this subjective
assessment. The first of these, concerning the effect on the gradient
of fragments of revolving the projection plane about a vertical axis
was brought up by Clayton in the Institute of British Geographers
discussion in January 1967 on pacers by Sissons, Cullingford and Smith
(1966), a subject previously examined by Smith (1965). Identical
problems are met with in terrace studies in that a projection plane
markedly misorientated with reference to the majority of the terrace
fragments would lead to unnecessary foreshortening and thus effectively
increased gradients of the remnants. The effect of this on correlation
is significant as visually it is much easier to distinguish between
different gradient flats the lower are their reproduced gradients.
The second source of distortion and resultant miscorrelation
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affected by the subjective olaoing of linear projection planes is the
effect of an inappropriately sited plane being adjacent to a suitably
sited one. Figure 8.8 represents the situation when terrace fragments
existing on the inside of the intersection of two planes are project¬
ed into these planes. A zone of overlap is seen to exist in that both
A and B appear on both planes. Yet C, a spot on a higher terrace, is
vertically above A on projection plane Y while D is vertically above
it on plane X, A similar change of relative position of D occurs
between the two reproductions. The projection of remnant heights
from the outside of the intersection of the two planes gives an ident¬
ical shift in the reproduced positions except in an opposite direction
to that shown in this diagram. Considerable complexities are thus
possible in the vicinity of the junotion of two planes where projection
is necessary from both sides. The position is further oomplioated if
one of the planes is inappropriately orientated, thereby causing not
only a ohange of reproduced relative positions of terrace fragments
near the junotion of two planes but also abrupt changes in gradient
in any one continuous feature at this point due to foreshortening
by the incorrectly aligned plane.
To reduce the effects of these distortions, additional projection
planes were plotted, some bisecting the angle between adjacent planes
and others perpendicular to this direction. The relationship between
tributary valley forms and those of the Tweed Valley were investigated
in the same way. As the distortions at the ends of adjacent projection
planes could not be studied if these were joined together, eaoh plane
is reproduced individually except where the angle between the two planes
is so shallow as to cause minimal distortion or where few terrace
remnants occur in the vicinity of the intersection of the planes. An
initial assumption that eorrelatable fragments should have similar




JTATIJ'JICAL AiID NuB-STATISTICAl, DATA I, .1 UuATLnl AND N )R".I\TIV&
CONCLUSIONS.
There is no more common error than to assume that, because pro¬
longed and accurate mathematical calculations have been made, the
application of the result to some fact of nature is absolutely certain.
A.N. Whitehead, quoted in "loroney (1956 p.271)
Date analysis cannot do more than bring to our attention a coabinat
-ion of the content of the data with knowledge and insight about its
background. Validity and objectivity in data analysis are dangerous
myths.
J.W. Tukey, quoted in James (1967 p. 30)
A. Correlation and Origin Derivation Procedure.
The procedure employed in correlating terrace fragments.where this
was possible, essentially consisted of visual inspection of the projected
profiles and a qualified subjective assessment of which fragments were
associated remnants of a once-whole terrace. Only where a considerable
number of fragments of varying gradient were present was it found possible
to relax the stringent pre-condition that fragments should have compar¬
able gradients. A mean value for the downvalley gradient was employed
in the assessment of terrace fragment origin using the classification
outlined in Chanter 1*
In detail, the means by whioh fragments were correlated was as
follows:
1). Best-fit lines -were drawn by eye through terrace fragment
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heights represented on the linear projection planes (figures 9.1 to
9.23), neglecting those fragments which consisted of a large scatter
of heights (e.g. P 794) or those which were clearly some kind of
complex form, due either to several agents or incorrect assumption
of downvalley direction in heighting. A minimum of 7 points was
normally required on a terrace fragment before accepting that a best-
fit line could significantly represent the gradient (section D)
although this was relaxed slightly where 5 or 6 heights were seen to
exist along a straight line, often part of a present floodplain.
Even where the gradients of heighted features were not used in
this analysis for the above reasons, the raw data are still of value
in that the absolute position of some part of their surface may coincide
with a line between two correlated fragments.
2). Where the above procedure was possible, being based on more
than the minimal number of heighted points which showed little scatter,
the best-fit lines were projected short distances up and down valley
and compared with other similar lines. If a good relationship seamed
to exist between fragments separated by up to 3 - 400 yards at a
maximum, making what seemed a reasonable allowance for a downvalley
diminution in gradient if necessary, these fragments were considered
to be correlated and a mean line drawn between them. Considerable
care was exercised wherever such correlations, exoept of patently
obvious presentday floodplains, might occur across the junctions of
projection planes. This was necessary owing to the inherent distortions
(Chapter 8), and other planes were usually plotted to further test the
correlations. The limits to oro3s valley correlation specified in
seetion I? of this Chapter were applied wherever relevant. In all exam¬
inations of terrace long profiles and in attempta at cross valley
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correlation, the impossibility of distinguishing separate stages
represented by similar gradient terrace fragments or their projections
separated vertically by an amount less than the front to back height
variation on either flat (Chapter 3) had to be borne in mind.
3). Any correlations made, in common with any interpretations of
origin deduced from use of the interpretive classification used, were
then tested by comparison with all other available non-altiaetric
evidence. If no agreement was found,re-examination of both types of
evidence was carried out} in a few oases, this led to the abandonment
of postulated correlations between two or more fragments.
4). The ultimate level of abstraction from reality entered into
was the reduction of all the positions and gradients of the reproduc¬
ible fragments, correlated where possible, to form figure 9.35. This
summary diagram of what is believed to be the terrace'sequence' in the
Tweed Valley is made up of 29 combined linear projection planes J where
the reproduced heights of one terrace fragment on two successive planes
are far enough apart to imply misleading correlations should only one
of thera be reproduced, both have been inserted, riurabering of the
terrace fragments and terraoes was restricted as such figures detract
from the overall impression of the terrace sequence. Unnumbered
fragments can be identified by reference to the relevant individual
height/distance diagram.
B. A Justification of Terrace Long 'rofile Correlation by Visual
Inspection.
The repeatability and objectivity wbioh erriara (1966) alleged
to be the prime benefits of quantification are not invariably achieved
in terrace correlation by visual inspection. Yet the basis of the
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correlation of the fragments in this study, supposedly dedicated in
part to a more detailed and objective scanning of the means of terrace
correlation, is simple visual inspection. It is recognised that this
is not an entirely satisfactory means of correlations it was employed
only because benefits attributable to the use of more sophisticated
techniques on the form of data available are illusory. A different
technique for terrace remnant correlation,based on the collection of
data on an areal basis over a small number of terrace fragments,is
discussed in Chapter 11. To extend this to the terraces of a whole
river valley requires both more experiments to test the widespread
validity of the technique and also a more rapid means of acquiring
accurate altiraetric data - perhaps the Tfeilson Continuous Slope Profile
Delineator described in Chapter 3.
Any simultaneous optimisation of a series of correlation coefficients
for terrace fragments throughout a valley is impossible as this involves
a pre-judgement of the terrace long profile forms. Statistical correla¬
tion on a non-areal basis is thus only possible in a sten by step fashions
comparing fragment A with fragment B and, if this is a good fit, fragment
B with C, then A with C, and A and B combined with C, etc. At least
two possible variations exist on the usual method for making this
statistical comparisons the first is simply to fit a linear or perhaps
a curvilinear regression line through both fragments and specify a value
for r, the correlation coefficient, below which any relationship will
be rejected as not demonstrated, "tore objectively, the r value could
be compared with the equivalent values for eaoh separate fragment to
test whether any significant difference existed between them. Selection
of the degree of the estimating equation used will be governed by the
initial assumption of the long profile form of the terrace over short
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downvalley distances.
Alternatively, a different method could involve testing the
gradients of two fragments, through which regression lines yielding
high r values have been fitted, by viewing these as sample means
derived from a random population. Use of a t test would show if
these significantly differed and if this proved not to be the case,
a similar test could be employed involving the mean height difference
between the two fragments and a value K given byi
K « distance between mean height of each of two best-fit lines
fitted to the lengths of each terrace fragment x the
mean gradient of these best-fit lines.
Thus both the elements of correlation shown in figure 2.2, comparable
gradients and also oomparable projected intercepts, are tested by this
method*
Approximately 800 terrace fragments were heighted in this study,
involving the acquisition of nearly 11,000 spot levels. The computing
time necessary to step-by-step correlate all these fragments would be
very considerable, particularly as a change over from linear to curvi¬
linear regression forms would be necessary as expansion of the correlation
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outwards from the initial two fragments proceeded. Approximately 5
calculations would be involved. Nonetheless it was the low returns
payable rather than the volume of work involved that determined that
this course should not be followed.
Correlation coefficients are functions of the values end amount
of the input data. The problems associated with projection of terrace
fragment heights onto a vertical linear projection plane outlined in
Chapter 8 ensure that unless the abstracted values for the horizontal
(distance) scale are manipulated before calculation, the correlations,
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articularly in the areas around the intersection of planes, will
be as much s function of the projection as of reality and the drta
oollection system. Mean values for gradient are thus also partly
a function of the projection plane orientation with respect to the
heighted points layout. Variations in the number of points on one
frn pnent with reference to another will also be an important inbuilt
weighting of the gradient and intercept values for regression lines
fitted to combinations of two or more fragment long profiles. A
good argument oan thus be made out for collacting,or at least analys¬
ing, similar numbers of heights for each remnant. Indeed, to
counteract the moment of heights on long terrace fragments, more
heights should perhaps he taken on smaller fragments than on large
ones. In practice this is unsound as large fragments are much more
reliable indicators of gradient (and thus origin) than small, often
dissected features.
By default,therefore, rather than by any positive virtue n-ve
th"t of a relatively low degree of effort involved, visual inspection
was used in place of any statistical tests for correlating the
fra mients. Nonetheless, statistical techniques were found to be
useful in descriptive rather than correlative procedures involving
terrace fraanient gradient and osition. The results and implications
of these tests are discussed in section D.
G. ieneral Observations on Terrace and Terrace Vagment hong rofiles.
In general, the height/distance .graphs of terrace fragment
altitudes against location illustrate all the theoretical distortions
noted in Chapter 0. tarJoed foreshortening of terraces clone to a
section of the river flowing obliquely with reference to the projection
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plane has occurred in the representation of,araoun~ others, P 536
on figure 9.19. On the same die ram, the incomplete record of
river surface heights, combined with the distortions due to the
projection erroneously suggest to superficial examination that
some fragments, such as P 593, are related to a knickpoint or
nickpoint in the river -profile.
Many of the lowest terrace fragments are both consistent in
downvalley gradient (e.g. P. 205 on figure 9. 7 ) and are closely
comparable in height with other like features Immediately across
valley. Thus P 399 on figure 9. 15 appears to be identical with
P 335. However, many other such features show considerable variations,
n
as in the complex of low terrace remnants show on figures 9*2 and
9.21. In ouch cases, cross valley correlation i3 rendered highly
complex and problematical. That such low level features, mo3t of
0
which show every indication of being relatively recently formed,
3hould show variations commonly up to 5 feet or more in height over
short distances and that numerous fragments should exist over small
vertical ranges suggests that considerable possibilities exist of
miscorrelating higher, older and more dissected features. Thus
lines joining two non-contiguous fragments could easily be significant
-ly diachronous, even making allowance for the rapid short terra
changes believed to be possible in the formation of these features
(Chapter 2).
It is likely that many of these height variations are due to
the incidence of small tributary fans on to or the incision of no?/-
partly infilled channels into the terrace fragment. Particularly
where the field assistants had not acquired a high degree of skill
in distinguishing these, minor mistakes are probably unavoidable.
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Nonetheless,It is also likely that much of the irregularity of relief
found on the low terrace rean&nts is due to traversing across remnants
of primary rou'diness. Traverses across floodplains made up of point-
bars and intervening depressions could be expected to produce sinusoidal
wave-like surface height patterns. Alternatively, some of the upward-
convex elements of supposed-floodplain relief could be the sawtooth-like
remains of higher gradient terraces disappearing beneath the later, low
angle features.
One aspect of great importance concerning low terraces is illustrat
-ed by the plot of P 816 on figure 9.23. fere a low terrace remnant,
clearly related to the present River Whiteadder, is seen, when projected
on to the main projection plane in this area, to be much steeoer and
also falls considerably below the lowest comparable feature on the south
bank of the Tweed. This emphasises that if what are believed to be
present-day or near-present-day features in the vicinity of river junct¬
ions cannot be correlated, spurious correlation of older fragments in
similar areas is all too easy.
Several higher terrace remnants have negative, complex or irregular
gradients as reproduced in these diagrams. Examples of this include
F 423, 379, 736, 739 and 794. Some of them, like many apparently
anomalous low terraces, owe their misleading projected form to projection
distortions but probably more of them are the remnants of fans emanating
from tributary valleys ( e.g. P 239, 292 and 333). Indeed, some of the
high gradient terrace fragments are also formed of the down (main) stream
sections of now eroded tributary valley fans or their eresent day
equivalents ( e.g. P 297 on figure 9.7). There these have been identified,
as in the case of part of F 342 on 9.12, they have been inserted on the
mans as such; in the respect that they represent both the results of
field mapping and terrace surveying rather than the former alone,
these mans differ from the original ffield* equivalents*
Some higher fragments are too complex to be dealt with by simple
altiraetric means. F 403, for example, could be due to an infinite
number of combinations of processes. Likewise F 704 appears to defy
explanation except that this large flat, already discussed in Chapter
5» may have been heighted inappropriately. It emerges from between
drumllns and is composed partly of ice-moulded, low amplitude relief
protruding through what apparently is often a flat topped sheet of
sand and silts. If the water courses were confined to the interdrum-
lin areas and this sheet were deposited proglacially its detailed
form in the area adjacent to the ioe sheet and/or the drumlins could
be expected to be a complex of alluvial fans. Irhile the results
derived from a simple height layout employed did not aooord with this
hypothesis, suggesting that the flat is more in the nature of a till
plain, this is by no means proof of its non-fluvial nature. Indeed
such an explanation provokes the need for a further explanation for
the sudden disappearance of substantial ice-moulded forms.
The hooked or reflexed ends observable on some higher terrace
fragment plots, occasionally occurring even where a series of heights
falls evenly for some distance, is probably due to commencing or
continuing heighting slightly off the flat. As the working definition
of these features employed throughout this study inoluded their
nature as near-laminar surfaces, the gentle flexuring between these
and low gradient backing hillslopes was often difficult to pick out
accurately. Several small terraces certainly owe their negative or
complex gradients to human modification, such as in the case of F 428,
the terrasiform deposits underlying which have already been described
(Chapter 6). Other small features such as F 802 may be composite,
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consisting perhaps of a terrace section proper and the surface
expression of raass movement materials where, as in thi3 case, a
rapid change of #Tadient occurs in a distance of 2 - 300 yards.
Certain negative gradient flats defy all the explanations
provided to date. Those in the mouth of the River Till, particularly
the lower remnants F 775 and 777 rise downvalley towards the Tweed.
The most likely explanation in this case is that although probably
underlain by deposits largely built up by the Till, the surface
expression of these landscape elements reflects periodic overbank
deposition from the Tweed, greatest in volume near that river.
One of the most puzzling long profile forms is that exhibited
by F 821 and certain other fragments. An upwardly concave profile
is explicable either in terms of miscorrelation of two different
gradient forms or by addition of material differentially to an
already existing feature. Upwardly convex forms such as F 821,
however, seem to demand either raid-point addition of material,
highly improbable in most of the cases concerned, or differential
erosion of the up or downstream sections if they are not to be
regarded as primary features. Alternatively, some may result from
heighting at different locations with reference to the original down
-valley orientation of the outwash surface (if such it is) where the
cross valley gradient is large and the downvalley equivalent is
small by comparison. In this way, heighting along the edge rather
than along a line parallel to the main valley side at this height
oould give misleading impressions of gradient where the edge is not
parallel or sub-parallel to valley sides or centre over distances
of 3 - 480 yards or more. This explanation does not fit by any
means all of the flat3 displaying this type of long profile.
The very high percentage of non-simple positive forms explicable
by combinations of projection and post-formational effects and small
permissible errors in field work, combined with a total lack of any
convincing alternative evidence of subglacial accumulation of
laminar-surfaced deposits,resulted in the final virtual elimination
of this category of terrace origin. It is possible, for example,
that the esker at Hallyne (Chapter 7) is partly buried beneath the
terrasifora deposits underlying F 222, as may be the Sheriffmuir
esker some 1.3 miles to the southwest, or it may be a residual of
a higher flat.although this 3eeme unlikely. Nonetheless, in view
of this widespread lack of evidence it seems folly to invoke sub-
glacial sedimentation for occasional flats when they are surrounded
by other terrace features which have present day proglaoial counter¬
parts in many parts of the subarctic world.
Likewise, based on the combination of morphological mapping
and altiraetric evidence, no proof was found of xhe existence of
lacustrine terraces within the field area. Combinations of morpholo¬
gical, altimetric and lithological evidence, where these existed in
close proximity, showed that some ice-proximal outwssh had positive
surface gradients of as low as 35 feet per mile (e.g. F 571) in
some areas. In the extreme Upper Tweed Valley, however, the river
surface and floodplsin gradients are of this order and occasionally
exceed it. Thus the minimal figure of 50 feet per mile initially
set for assignation of an ice-proximal outwash origin to terraces
and terrace fragments on the basis of their gradients is seen to be
a reasonable one for most of the valley. It can not be said, however,
that terrace fragments with gradients less than this value are
definitely not the surface expression of ice-proximal outwash, except
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whore stratigraphie or other morphological evidence confirms this
interpretation#
Despits the evidence of the recent work by Ragg and Bibby (1966)
which suggested the widespread distribution of perlglacial phenomena
in the higher ground of the Upper Tweed basin, only limited evidence
of such phenomena in proximity to the terraoes was found. This, in
combination with the height data which enabled fluvial origins to be
assigned to terrace fragments in this area, led to the apparent
redundancy of the solifluction categories in the interpretive class¬
ification in this case. This does not deny the role suoh deposits
may have had in contributing bo the build-up of now-terrasiform deposits
in some parts of the valley.
In some eases>downvalley correlation of terrace fragments was
easy and satisfactory. Indeed, combined cross nd down valley correlat¬
ion was carried out in several instances, notably between P 795b and
733 in figure 9,22 and between P 585 and 584 in figure 9.19. More
frequently,both were impossible owing to the distance between terrace
fragments compared with their individual lengths and the height
variation upon them. Nonetheless, accepting the gradients of large
fragments as significant representatives of the original features and
grouping the remnants into suites, a sequence of events can be
elucidated. This is elaborated in Chapter 10 but it is important at
this point to note that the end result portrayed in figure 9.35, what¬
ever allowance is made for projection effects and other distortion-
causes, is not the 3 or 4 river-long, sub-parallel or nickpoint-related
terraces widely reported from elsewhere. Rather is it a complex of
distinct suites of moderate to high gradient terraces, probably due
to ice-nroximal outwash, truncated by the distal sections of later
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valley trains and mar-present day river terraces. It may be that
in containing snob a sequence the Tweed Valley is unique in Britain ,
but this seems unlikely,
D. The Repeatability of Terrace Long Profile Results.
Two aspects of the repeatability of values obtained for terrace
fragment gradients were investigated by taking a sample of 62 from
the approximate total of BOO remnants. These were the effect of
heigftting at progressively greater distances apart and also the effect
of heirhting in different parts of the flat at the same distance apart
on the resultant downvalley profile, lost of the basic height data was
obtained, as already discussed in Chapter 3» at distances apart of 50
yards or less. Tests of the effects of different data distribution
patterns are reported in Chapter 11.
Two indicators of the variation in accuracy with change of other
parameters were used. These were percentage variation and actual
variation of the terrace gradient, B and the projected terrace inter¬
cept value, A where a line fitted to the projected fragment heights
was of the forms
Y » BX + A
X and Y are the Cartesian coordinates of any point on this 'best-fit'
line. The percentage variation, L was calculated from the expression
L& 53 j 100 x (A^ — A^ J
Lb - I 100 x (Ba - B1)/ Bl I
while the actual variation, M, was calculated by
MA ■ I h-\
% 3 I - Bn !
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where is the nth value of the projected fragments intercept and
is the corresponding value of its gradient. The vertical slashes
indicate that the modulus of the contained value was taken.
The values of L and M, together with r, the correlation coefficient.,
and the standard error of estimate for each best fit-line and sundry
other values were calculated by a series of variants on an Atlas
Autocode program entitled CORREG, The eleventh version of this is
set out in apnendix B as an example; far from being the most efficient
possible program for computing these values.it is however, simply
understood and modified. The table set out below outlines the basis
of the calculations performed by this and CORREG 14,
Heighted 'olnta,
1 2 3 4 5 6 7
a) CORREG 11
"sequence of operation:
1) Computes A^, B^, r^, etc. for all heighted points.N = 7
2) Computes A^, r^, etc. for points 1,3»5»7. N = 4
3) Computes A^, r,,, etc. for points 1,4.7»« 8 =» 5
4) Computes A^, B^, r^, etc, for points 1,5. N » 2
5) Computes A , B , r , etc, for points 1,6, N = 2
5 5 5
Prom these values, percentage and absolute changes in the A and
B values are calculated as already outlined. N is the number of terms




1) Computes A?, B , etc. from points
1 21
1,5,5,7, v1 4





3) Computes AM, B , eto. from points 1.5, H* ■ 2
51 5i \
4) Computes A , B , etc. from points 2,6, N - 2
52 5f 2
5) Computes A_, B t etc. from points 3,7, V 2
6) Cannot compute A,., B , etc. as
5
4 4 V 1
7) Cannot compute A_, B , eto. as
5 5 V 1
In the first case, the changes in values with increasing distance
apart were calculated by stepping, such that for the results pertaining
to heighting at 100 yard-intervals on any one terrace, the first, third,
fifth, etc., of 50 yard-apart heights were employed. This was carried
out repeatedly until the required values were obtained for heighting
at 100, 150, 200 and 250 yard intervals and all compared with the 50
yard-interval values for all the 62 fragments used. Fault traps were
built into the program to cover the eventuality when only one heighted
point was available after carrying out the above operation, While the
adopted convention in CORREG ll was always to commence with the first
height on a terrace fragment, CORREG 14 calculated the A, B, r and
other values at 100 and 250 yard intervals where heighting was assumed
to commence on the first point, then assuming commencement on the
second point, etc. From these results, percentage and actual variations
of A and B were again calculated.
Figure 9.24 illustrates the variation of the actual difference
in gradient, as represented by I B0 - Bo I with respect to N where
1 2 "1
is the .gradient value for 'best-fit' lines fitted to any fragment
"1
compiled from the 100 yards apart values commencing at height 1,while
B_ is the equivalent value commencing at height 2. 5L is the
""2 1
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number of points involved in the calculation, taken for convenience
from the case where calculations employ the first, third, etc., 50
yard-interval heights. A good logarithmic relationship with a
moderately high value for r of 0.7342 was obtained by fitting a
regression line of the form log Y =■ log A + B log X, where N? was
1
assumed to be the independent variable. In this, as in all the
relationships described in this section, all the correlations and
regressions are significant at the 95/' confidence level. As one
unit variation in B represents a change in gradient of 5 feet per
mile, it seems advisable only to height fragments at intervals of
100 yards if it is possible to get more than 5-7 spot heights on
the surface in the fixed interval linear mode. If fewer heights
than this are obtained, samples of gradient values for the same
terrace may vary by 4 feet per mile or more. Under conditions similar
to those in the Tweed Valley, this graph could be employed to suggest
the minimal number of heighted points required to provide a given
consistency.
A similar relationship is shown in figure 9.25, a graph of actual
intercept variations between 'best-fit' lines fitted to 100 yard-apart
height values on the same terrace against the number of heights. In
this case, however, a steeper gradient and a larger scatter of points
is evident, probably because the A value is in part a function of B,
but is also partly independent. Figure 9.26 is identical to figure
9.24 except that it portrays the differences between the maximal
and minimal gradients of 'best-fit' lines fitted to heighted points
some 250 yards apart on a terrace in comparison with the number of
heighted points. Thus in the manner illustrated above, C0RRKG 14
computed Br to Br » then printed out Br - , which was graphed
1 5 -^max
against N • A logarithmic relationship similar to those already
51
observed, showing increasing variation in results with decreasing
number of heighted points is evident.
Figure 9.27 illustrates the change in accuracy of representation
of a fragment by selecting different locations for the surface heights
in another manner. Here the modulus of the percentage variations in
B, the gradient of the fragment, is graphed against N for all distances
apart in excess of 50 yards. The succeeding figure, 9.28, illustrates
this relationship when restricted solely to variations between the
two possible gradient values based on 100 yard-interval heights,
selected from the basic 50 yard-interval data. In both cases, al¬
though a considerable scatter of points is evident, the likely
variation in representation of a fragment's gradient by taking repeat
-ed samples is unlikely to be greater than 10$ if N is 10 or raorej a
value for the latter of 7 or 8 will probably give results of tolerable
accuracy in virtually all oases. The extreme values for percentage
variation in gradient are obtained from those samples where is
very small (see the equations set out above).
The percentage variation of the gradient of a fragment graphed
against the distance anart at which it is heighted is illustrated
for all heighting intervals in excess of 50 yards in figure 9.29.
While the percentage variation does seem to increase slightly with
increasing height interval, the very large scatter of points about
the mean for each heighting interval suggests that this is merely
a reflection of the decrease in N with increasing distance apart of
each height for any given terrace.
There is no reason whatever to suspect that had heights also
been available at 25 yard intervals, the variations in gradient of
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the terraces from heights at 50 yard intervals would have heen in
any way different to those obtained from the 100, 150, 200 and 250
yard-interval heights. On this basis it is reasonable to draw the
following conclusions from these results. Variations in percentage
and actual gradients and, largely by analogy, in percentage and
actual intercept values of 'best-fit' lines calculated for terrace
fragment heights which are oollected from different positions and
different intervals apart, are generally quite small. While the
actual number of heights necessary on any one fragment varies with the
accuracy and repeatability it is considered necessary to achieve, it
seems that, in Tweed Valley-like conditions, 7 or 8 heights on a
flat give an acceptable estimate of gradient within the area from
which they are taken. Plats represented by heights fewer in number
than this threshold may be oorreetly reproduced but this cannot be
relied upon as the consistency is below an acceptable level, ~ven
where terrace gradient cannot be represented adequately by heights
obtained, it is unlikely that all parte of the surface have been
substantially modified sinoe the creation of the terrace. Therefore
the height values in such a case may still be useful in adding confidence
to correlations where projected 'best-fit' lines from two terraces,
one up and the other downvalley from the modified fragment, pas3
through 3orne part of it,
196 good relationship was observed between variations in terrace
gradient with increasing interval of heighting, The poor relationship
observed is believed to reflect the partly co-variable nature of N and
distance apart of heighting, host terrace fragment heights showed
relatively small scatter about a 'best-fit' line; the plot of r, the
correlation coefficient derived from 50 yard-interval heights, against
N^t shows that the former is not a sensitive enough indicator of
reliable and unreliable terrace gradient values (figure 9.39).
S. Cross Valley Correlation of Terrace Fragments.
Two methods of statistical correlation of the long profiles of
terrace fragments have already been suggested even if applicable only
under limited conditions and involving certain assumptions such as
the long profile form of terraces over specified distances. Equally,
t tests could be made on the mean values of the cross profile heights
of two fragments to see if they were significantly different, ./hat
these statistical tests neglect to allow for, if used in their standard
form, is the vital relaxation in the stringency of the requirements for
one flat to be considered correlatable with another with increasing
dissection of the fragments. The smaller the undissected remnants
become, the larger must be the •classes' into which the succession
can be split.
As was pointed out in Chanter 1, this is not universally true because
some surfaces, particularly those due to fluvial agencies, probably have
an ease of characterisation curve of the form illustrated in figure 9.31t
varying in detail with variations in climate and other factors. The
relative ease of characterisation possible a certain time after the
formation of a fragment does not necessarily establish a high degree of
significance. Bearing this in mind, what is required is a formula from
which a minimal height range is provided to suit a variety of environ-
ments 3ueh that, if two terrace fragments fall within this band, they
cannot be subdivided. Conversely if they fall outside the band, they
cannot be shown to be paired features.
It was noted in Chanter 2 that such a formula might be based on
a comparison of the mean difference in height of the two surfaces with
202
some aspect of the height variations on one or another or both of the
flats. This could be represented as:
if US MX^ + MXp, then the fragments cannot be
\<—r
regarded as unpaired. ID represents the mean difference in height
between the two surfaces along a given cross profile while and
MXp are the maximal height variations on the two surfaces. It is
probably necessary to include a factor D on the right hand side of
the inequality to increase the value of the height range where the
distance between the two lines of height, a partial function of Df
is such that correlation necessarily becomes more imprecise. Apart
from this the formula is virtually self-regulating in that the older
are a pair of fragments and presumably the more dissected they have
become, onoe past the point A on figure 9.31» then the greater is the
vertical range within which the two flats can lie and still be considered
to be not unpaired on the available evidence.
Clearly, multiples of one side or other of the equation can be
introduced as necessary conditions if it is desired to make the conditions
for pairing more stringent or more relaxed. The only means in which the
validity of this empirical method of defining cross valley correlations
oan be aooepted as reasonable is by investigating the altitudes of two
fragments known to be contemporaneous and formed by the same agent. Due
to a lack of datable materials in the near-surface terrasiform deposits
in the field area, the only features which can reasonably be assumed to
satisfy these requirements are relatively low gradient, near-river level
terraces, the so-called floodplains. If these are not paired in the
present environment it is unlikely that much reliance can be placed on
pairings of much dissected higher features.
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A study of the lowest remnants illustrated on the long profile
diagrams revealed that in most cases the variation in height between
those on opposite sides of the river did not exceed 3 feet, at the
positions heighted. Examples of this can be seen in figures 9*4
9*8 and 9. 11 Non-systematic height variations on these features
taken individually are often up to 5 feet, usually composed in the
main of a oomponent of the often systematic front to back height
variation. Thus, in this case, where no account was taken of variat¬
ions in D, the method produced the acceptable answer that these land
forms, some of which at least are believed to be in the process of
formation or active modification at the present time are paired features,
or rather that they cannot be shown to be unpaired. As no higher
fragments could be correlated across valley on non-altimetric grounds,
it was strictly impossible to establish empirically any range of
multiples for either side of the postulated inequality to vary the
stringency of the test for certain conditions.
F. The Long Profile of the Present River Tweed.
The peculiar form of the long profile of the present river Tweed
surface is shown in arithaetric graphical form in figure 9*32, drawn
from the levelled spot heights of the summer (normal) water level which
are tabulated in appendix 1(c). For nearly 50 miles the middle section
of this river is virtually linear while, further up valley, an equally
good if steeper gradient linear relationship can be derived from the
section about 8 miles long below the Cor Water and Tweed junction. A
plot of the same data on logarithmic graph paper (figure 9*33) was in
many respeots les3 satisfactory despite the fact that this is a commonly
used and often apparently successful technique for fitting logarithmic
curves to river long profiles (Chorley 1958)*
Throughout the river's course there appears to be no immediate
correlation between bedrock type or tributary incidence and river
surface gradient, except that the second major diminution in gradient
begins near Fleurs Castle.coinciding approximately with the near-
surface existence of Lower Carboniferous limestones and sandstones.
•Thile it is hardly surprising that the river gradient should be
independent of bedrock stratigraphy in areas where it runs on a deep
sand and gravel infill, it is a little perplexing that no large Bcale
variation in long profile form occurs at those locations where rock
outcrops have already been noted to pierce the drift. The gradients
of the water surface of all the tributaries measured except one, the
Biggar Water, were steeper than adjacent sections of the Tweed surface
C. An Analysis of heismic Wave Velocities.
It is a reasonable hypothesis that seismic velocities of similar
components of identical wave types travelling through bedrock of a
given tyoe should be fairly constant. To a leaner extent the same
applies to till and to sand and gravel although the more heterogene¬
ous the particle size and the looser the packing, the less is the
influence of bedrock type and the more the effect of ground water
becomes important in modifying the velocity of seismic waves.
In figure 9.34, a) is a histogram of the number of raeaned
velocities plotted within 1000 feet per second class intervals
obtained from the forward and reverse traverses (tabulated as appendix
4), traverses in opposing directions being necessary in order to over
-come the effects of sloping interfaces relative to the round surface
The peaks in the low velocity ranges up to 3000 feet per second in
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a) and also in b), c), and d), which are breakdowns of the values in
a) into stratigraphic groupings, indubitably reflect the presence of
sand and gravel. It is possible, however, that parts of this may be
due to values obtained on a highly weathered till, perhaps of the
ablation variety.
The higher velocity groupings provide a puzzling situation, not
simplified when it is appreciated that till on one lithology could
have very similar velocity characteristics to bedrock at another site.
Where tills are bouldery, however, a fair scatter of points about the
'best-fit* line should indicate its presence unambiguously. In view
of the sandstone nature of much of the Carboniferous strata in the
Tweed Basin, those velocities in excess of 7000 feet per second
found when working over these or Old Red Sandstone rocks are provision
-ally assigned to bedrock. The one value in the former group in
excess of 12,000 feet per second obtained at FLeurs Castle is probably
due to the basaltic lavas interdigitated with the Lower Carboniferous
sediments of that area (Chapters 4 and 5)♦ Values intervening between
the bedrock and sand and gravel ranges are provisionally interpreted
as till. The tri-raodal distribution of seismio velocities on Silurian
and Ordovician rocks may represent sand and gravel, till and bedrock;
however, the near complete lack of borehole control in this area renders
this no greater status than that of a hypothesis.
C H AME K 10
fri •. ; ■ ;u - HGG 01'' „V ..if., Id JiK J .vtuAGI J,All JN
OF HZ f .£_D VALjjEY
Given the evidence presented in Chapters 4 to 9» it is
possible to compile a less fragmentary account of deglacierisation
within the Tweed Valley than has previously been available. One
importan qualification must be made concerning this, however, and
it is that the evidence is constricted, traverse-like, to areas
adjacent to the river. Only rice'3 (1961) study of meltwater
channels and associated deposits plus work in progress by Sissons
is on an areal basis. Until the latter work at least is complete,
the re ;ional sirnificance of the Lower Tweed Valley terrace scheme
can^not be considered as positively established. For example, the
contribution which waters channelled in no . near-dry valleys, such
a3 that of the hen ater, made to the terrace sequence fur her down-
valley can_not be dir ctly evaluated as, in many cases, very few
terraces emanate directly from these valleys.
Certain fundamental concepts must be stated to avoid their
repetition at every stage in the folio .'in; discussion. .. ost
important of these is the me"ns by which it is believed the_ice
ii.••apneared. ho in imputable evidence of late-s ? ;e active ice in
the form f mor ines or rotating striae and drumlinr were found.
.drail rily, evi ience for stagnation is ? h.-ent exc pt on a local
scale. indeed in certain parts of the lower valley, away from the
Tweed itself, no evi.ience of melt titers can be traced, almost as if
the ice had been lifted from he drumlins en bloc. jug to the
unr'e : trie ted downvalley passage for meltwr.ters, stagnation may have
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been restricted in most cases to the very last sta ;es of ice dec y in
enclosed rock basins or inter-drumlin hollows* ihe variation in
v Hey cross orofile must have con iderably af ected the pattern of
de lacie isation and in the light of this, the folio in: is proposed.
In the Merse, ice disc > earance was accom dished by downirastin j, the
ice becoming stagnant only around the margins of nun- taks and at the
extreme ice front while the upper layers, prh ps to a depth of
200 feet or moi& oecame decayed and permitted the easy passa ;e of
meltwrters. _.iis pattern oeems to have continued as the ice 'receded'
into he middle and upper valley although modified in that in the
centre of he troughs, ice pr bnbly remained active almost throughout
the deglacieri ation, the margins becoming stagnant or near-stagnant
much earlier. the width of the stagnant ice front probably varied
with the form of the valley cross section.
it will be demonstrated later that the logical result of the
southwesterly source of much of the ice in the fweed Basin was ahat,
particularly in the hipher reaches of the valley, ice in north and
northe ;st-trending valleys was probably active and existed Ion ;er than
in nearby valleys orientated in other directions. jouth-draining
valleys such as the iddleston and Lei then .,n tors contained ice which
b cone lec yed first. .he break-down of the early-stage northeastward
.reinn ~e from these areas .omonatr'ted by rice (1^61) ma have been a
piibe rapid reversal of dr in e to the present nd re-exist,ing lines,
these variations in the dete of ice meltin; seem to have been related
to iistance to the ice-dispersal centres, variations in solar insoletion
intensity and also the bedrock topo .raphy, in so far as it controlled
the 1 r re scale ii •.cereal of meltw; ters.
j?he course of the present, xV/s d, initiated cr re-initiated by
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th ?se glacial meltwaters, seems to follow the lowest till surface,
exc :-pt aroun - itakerstoun Jor ;e. this may be a r .lection of the
course of ; pre—:• >:is tin; ockhead valle , mo iified by 1 cial erosion.
Jhnt the trend of the d umlins below Colds cream is askew to the present
fweei reflects >nly the anti-clockwise rotation of ice in the area on
to slightly hi ;her land (figure 4.8 and Chapter 4). elfcwaters from
the pweed glacier )0 . ibly escaped at early stages not only down the
present course of the river or parallel to it but also to the south¬
east via the aller Dean ( 80 475) and similar, no - iry ch nnels cutting
he Pell danistone Hidge.
In detail, the earliest evidence of glacial.melt-waters known is
probably the sands encased between the part-laminated clays and the
overlying till near Berwick, shown in section I. fhe sequence of
events or orted to be responsible for these fluvioglacial deposits
has already been discussed (Chapter 4) and may involve the presence of
foreign ice. ' s well as several poor sections in the Horncliffe -
l&inolaw till area which in son cases show what appe s to "betill
overlying fluvioglacial sediments, further early stage deylaoiation
henomena may be the hi her level meltwater systems, the Longridge
meltwater channel (probably sub-marginal) and she s.ambarton . :oor
complex in th eastern jjammerrauire (figure 10.1).
ihe terraces and terrace fragments (figure 8.35) constitute the
n xt known evidence of the de lacierisation pat'ern in the area studied,
raking the section from Colds ream to Berwick as one unit because he
high radient terrace fr- gnents exist on!. rarely upvalley from the
form r loca ion, she numbor of highly inclined features is sufficient
to sug t that these rco ent outwash >•• erosion of "re-existing
m terials by meltvr- osr.- fr >m -n ice front ef 'ec lively retreating up
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the fweed Valley. Apart from the sporadic kames at Mount pleasant
and elsewhere, related to ice front st: -nation, little oth r evidence
is available on which to b-se postulates of ice-withdrawal mech nisms.
It seems extremely likely, as much from the lack of evidence 'of other
mech'nisms as from positive evidence, that in this area a broad,
valley-aide ice mass, slowly downwasting and thus 'retreating', pve
rise to meltwaters which at late sta ;es were concentrated in the
locally-lowest section of the valley and in which they alternately
eroded and deposited. Figure 10.2 summarises the nr nner in which it
is believed he gor ;e tr ct between Coldstream -nd Berwick may have
been fo-med by mel waters. fhe high level errr.ce fragments at the
mouth of the fill are iif icult to interpret in view of the inh rent
difficulties a ociated with comparing terraces due to two different
e,
rivers but thre is no known evidence from this area that, as Clapperton
(1967) suj ested,the fill was initiated on it s present c urse sub-
glaci lly.
Analysing the sea levels associated with fluvial terraces is
complex enough when full sequences ore preserved. hen fra gmontary,
as in the freed Valley and most oth' r British localities, any results
from bhi type of an lysis become of ubious v lue, faken as a
;rouo, however, an i bearing; in mind the evidence of the buried valley
of the fweed ,nd the evolutionary model po.: ulated for the development
of he Coldstream to derrick gor ;e tr- ct, th high r-alient terraces
in the lowest section of the valley "re probably rel tod to a much
lower relative s a level than exists at present. fhi statement
ssum •• that the hi h gr: iient fro nont did not once rapidly chan e
.heir 1 on profile form so a to achieve n - r-zero r i nts before
reaching the site of Berwick. It seems reasonable that the now-dry,
le ply incised tributary v lleys were initiated near nd possibly
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inside he ice margin, becomin incised pro ;ressivel. while the ice
margin shifted upvalley and « new set of proglacial outwash terraces
was being formed* In this way the incised dry tributary valleys are
b lieved to se'pr gressively younger upvalley.
Heights gathered on flat surfaces of the Cornhill-drookh"im sands
and gravels in the Camcfiold area (858 371) showed these to exist
between 120 and 125 feet above mean se~ level. ibis compares with
equivalent values of between 150 and 175 feet for kame terrace
heights given by Clapperton (1967) in tbe eastern section of the complex.
In combination with the rest of the quoted evidence of late-stage
westward draina e (Chapt r 5) this suggests a ,wo—way split in meltwr ter
paths at this period in the region of Q65 370, one stream running
eastwards, the other westwards towards Col ;stream, no r where it may
have become pro lacial, feeding some of the terraces in the Lennel
•area. .)ue to its linear nature in plan, the complex is well suited
to p. thorough and rc urate analysis of the kame tor wee hei ghts:
ny firm conclusions on the relationship betwen thi nd the Breed
ter ce equence must wit uch a study nd another of the relation¬
ship of the complex to moltwat r ch- nnels and deposits around
Coldstream and to the north.
Immediately to the west of these k'me , k- me terraces and
kettle holes, however, in who lower section of the broad open valley
o ' th h/eed which xtends upstre m to helso, the terrace sequence is
certainly young r nd most of it i con iderably oun a than the e
ice-con . ct 1 -n1 "orms. Ithou.gh much of the broad basin may be
floored by giant ice deposits, dr in I only throu di -.he orge at
•ldstre n, there i no clear evidence of ice- >roxim .1 ou wash for some
iistance upv- -ley, excep p -rhaps at 8320 3915 -nd no ibly rs g 75,
In vie' of the resui -.s ; h -ww! in the .utherford oil b -otsford -reas,
it seems reasonable to interpret the broad flabs common in the
Fleurs Castle area and downvaliey from it as ice-distant ou wash
related to ice margins re resented by kame and kettle complexes
directly upvalley from outwash at th se two locations.
This inter pretation, however, presents certain problems. Ihe
steep sided, sand-covered ridge commencing at 6786 3215 rises out of
P578 and this fragment has been correl ted with F585/584, the middle
Pleurs terrace. Yet, if the ridge is a fluvioglaoial feature rather
th-n a modified ice-moulded ridge, the form r continuation of F587/
582 upvalley is suggested by f'574 and 581 requires that this
feature is a residual cut from terrasiform deposits, vast quantities
of which deposits have been removed. In the light of pre. ent evidence,
it is accepted that the ridge may be drumlin cored but considerably
modified by meltwat r erosion and deposition.
Contemporaneously with the oiler of these ice limits at
lutherford, the ice in the feviot valley seems to have been very
close to the junction with the fweed, udging from the evidence of
krmes -nd kettle holes below the level of ?582 and Clapperton*s
claim that these and kame terraces exis t near present river level
much of tho way up this valley. It rnatively, it may be that the
m- in ice in the feviot disappeared at an earlier sta ;e but that
buried ice, later to form th kettle holes in th: fluvio.glacial
deposits once melting out was complete, did not melt or some tim
f or tho formation of F582 and po. sibly some lower flats. ..hat-
over the detailed explanation it seems safe to assume that some ice
existed later in the northeast-trending feviot valley than in the
adjacent main fvreed valley. ihere is no known evidence to suggest
,h t this is due to a re.' dv nee of feviot ice ra ther tnr. . merely a
combination of variations in -he rate of melting in different valleys
and distance to the ice s >u."ces.
the re is every reason to ug est that the formation of the
MakerstOun ;or e i identical to that postulated for the similar
:'e- lure between Gol sfcre m an.i Berwick (fi jure 10.2) • ith the
blocking of the possible buried channel to the northwest, meltwaters
in ide - nd those pouring out of the ice front probably cut down and
b-ck s the ice do nwp.sted, leadin; to a feature diachronous both in
;eoth n • length. In common with the similar situations elsewhere,
he halt sir. -e in the general iegl'cierisation at guth'-rford may
represent little more than topogmphic effects, the ice being
t icker in the pre-existinj deeper valley and thus remaining in situ
and po sibly also active much Ion er there than over the ide, shallow
valley cross section to the east. It is tempting to correlate the
fweed ice position • t butherfori -with that of the ieviot ice at the
'-weed.'feviot conf luence but no evi -.once is av il bla to ou • ort this
s-ve the lock of • ny m- nifertrtion of other at-'-jes b low u .herford,
L t*r- iley from the outwr h and the kernes and kettle hole. t
utherford, lis acted ou w<sh exists t one; slightly lower projected
levels, arentl J rived from round 6?8 30? nd runnin.; oblijuely
io. v i ley between th ice noul ed relief of he are". the *upstream1
o . •eni ty of thir. coal not be m red with any cert inty. It may
. ell jc, herofore, that the u -herford at" e was relatively snort
and that the ice-mar ;ihal po.::iti.;n from -which issued the meltwn.ters
a ich formed some of the . leur terraces is >nly ofviou; >ut ide the
.'"i'-'l e . .hi' to ha i. s h d n er of b at in. o 1 .cierisation
p tiern on ret liy-restric-tod field, ork.
the problem of the o.oor y io or in r-ther iifferon , in p rt
due jO its orientati n, the Jo nstream section being in eneral
transverse to the ;r--in of the surrounding count yside althou^i
extremely sinuou in parts. Ihis may suggest that the river course
was superimposed in to bedrock from rela ively stagnant ice lying
in the hollo,'/ between the tildon Hills and those hills in the
3emersyde region. It may also be that this is in part an older
course of the river, only slightly modified by ice nd re-excavated
by the Late-and Post-Glacial pweed, Ihare seems little possible
doubt, in contrast with this, however, that the broad valley section
u stream from Gewstead is at least in part a result of glacial erosion,
as is the final smoothing of the valley course in much of the Upper
fweed above Galkerburn.
.'he str- nation complex a: b otsford from which may have come
water contributing to the formation of the demersyde gorge as well
ps the formation of the 'leurs terraces seems to be explic-ble
entirely on topo ;r<phic grounds, t this point, the Pweed valley
opens out and this, in combination v/ith the pre ence of meltwaters
from the Gala "nd ilan „ater valleys flow in ■ into the fwee-.i in the
area arounl Dweedb nk (>16 350), is sufficient explanation for a
tarnation comolex at this point. It should be aoted that ilthoogh
1
. tretching acros much of the weed Valley , he ownvalley extent of
the exposed ice-contact zone is only of the order of three- luariers
of ° mile n.i this may be di c r m us.
1. he k mes in ho lien Valley above J- t r L n lee re probably
due lely > a ton ue of st giant ice extending u this south
tren in v 11 y and mel.ti in much he - fashion as that in the
ddleston Valley ( >issons 1)5 )»
214
other thin,os bein- eju1 1, extrapolation of terrace profiles to
ob ain sea level hei hts became more difficult the further upv lley
it is carried out. Nonetheless, in the crudest possible fashion, it
seems reasonable to make the generalisation that the low gradient
terraces up to 20 feet above the river in the Lower IWeed valley are
probably related to the Fleurs terraces nd thus to th gutherford
and bbotsford halt stapes, rather than to the high gradient terraces
in the area below Colistr am (figure 9.i5)« If this is so, it
suggests that during at least part of the stage at which these features
were formed, se; level was rel tively hi ;her than present by several
feet. Ihat this is not due 3im -ly to aggradation in the river
mouth area is shown by the raised beach underlying ipittel at about
14 f t J.l), nd the ink of any known manifestation of fluvial
- ggradation anywhere in the estu ry t bout this altitude. Terraces
f rther up-fweed than ibbotsford are definitely not relatable to sea
level and thus the deduced seiuence of relative sea level changes in
this area can be summarised as an early low 3ea level (demonstrated by
the buried channel nd the hiah gradient terraces) when ice was still
present in the Lo er j>we d, rising to perh- os as much as 10 feet
bove the presen by the time the Tweed ice margin was at 'bbotsford
and concluded by - fall to the present value in the succeeding period.
It may well be that other periods of low sea level intervened between
he high sea level stage and he pre ent but thi cannot be demonstrated
on the available evidence. In parts of the Middle Tweed, however, the
river level does not earn to have be n below that of the present since
the dgh se level stage while at some points in the Upper Tweed it
h- s not been Li her than at present since the last ice in the area
melted.
art of the evidence for the latter statement is the low-level
cettle hoi" t Ink / ra. nile it is po siblo to in orpret he
h me, ket'le hole and osker complexes be'iow terr ce . t thi . point
s the remains of pro laci 1 mtwnrh which included numerous detached
b ocks of ice, the length nd extreme regularity of the terrace forms
in comparison with the irregularity of the intervenln hollows and
;r vel .y raounls sugte. t that the whole system is ice-mar ;in 1 and the
flats are k?;rae terraces, t least two 3ta ;es are represented in the
record >f he Ion profiles of the terr ce frr paents of this area
(figure ;.l6), £he higher and older feature may be contera or: ne us
wi i he a.bbotsford complex while the lower flat probably post-dates
it. ccepting thi , it is pos ible to suar est that ;.t trick ice a y
h vo been less decayed th n fweed ice at the time of formation of the
.in k no terraces and channelled drainage flowing supra, n ,nd
haps sub-;;lnoially from both sides of the Pweed v lie^ towards
Ink, ihis su; estion is based on the number of ice-contact features
on the-left bank of the combined ,ttrick .and fweed v lleys in comparison
ith he few on he ri h. b:nk. u porting .his, in f r s any
su port can be provided by he non-existence of features, ir the non-
-ppe r nee of similar mar;in-.l flats in the .ttrick except at much
higher levels, ,t points where they mi lit be expected only low level
kurae; no. k t 1 .-.>1- exl a . . in no Jod La re a n (4 ) 2)6),
. .o n- rc.oorv ti m of more o ten ive features in the fwec-d bove
'
n: . r. i re- . or bin as u rojoction of the hi ,ha t . .i s tosl
rs ac ■ in do nv lley ir cti.n oproxim t It intercepts the
fl
. .. ir: the ;i.;k r . thu:- k m-.;: -nd kettle - 1 .1th
n.. rvenin k rae err ces further upv -ley would hove seen . 3toyed
la tor r . o • 1 ho a a i i - lso or i .1 th. i cenrrad in
va ay, or c . > y nc - 1 v . . . ,ot
ad, i' : a >o ' a- ■ ai j i i i h
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.he shiesteel terraces, in ssociation with the esker nd k'rae
nd kettle complexes in the Holylee- libank area, provide the evidence
of the next known halt stage in the disappearance of the ice cover
after the Abbotsford stagnation complex. iho Pod Holes near jelkirk
may represent the equivalent stage in the ottrick Valley. A complete
sequence of feeding eskers with kames and kettle holes marking the
position of the completely stagnant marginal zone of the ice is
succeeded downvalle.v by proglacial outwash terrace fragments. No
suitable topographic reason for the location of this ice limit can be
advanced. It occurs 2 mile from the upstream end of a narrow and
p .rallel-sided valley yet the fact that several terr ces separated
vertically by almost 100 feet commence in very nearly the same
location suggests that this is an important and relatively long
haltstage in the deglacierisation of the area. It may mark the limit
of a readvance but there is no proof of this yet known to the author.
ihe v ley section between H lylee and Peebles includes few terrace
features save only the ubiquitous floodplain. those that do occur
probably represent fragments of the proglacial outwash originating
in the lieriffmuir area or may be relatively late-stage karae terraces,
during or fter the time when the ice finally melted from this area,
numerous tributary valley fans we e formed, perhaps banked-up gainst
the ed ye of rapidly melting ice in the tweed v;i ley in som- cases.
,ihile many of these are manifestly relict features,being truncated by
he present river, some re believed still to be active in their upper
c-ti m . .he large, essentially relict, f; n on which Innerleithen
stands is cl s.rly related to he ithen V- lley wa r: , being truncated
by Inter .weed er c fro qnonts, but the flat underlying eebles,
decreasing in hei ht up the .ddlsston v. lley, h^s either suffered
con i-ersble human alteration or i related to processes operative only
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in the Pweed valley.
the next known location in which the ice front stabilised for
some time is at Jieriffmuir, gissons'(1965) limit for the forth
keadvance in this area. 11 of the available evidence poinis to
an ice front running across the pweed valley in the region of
Easter Happrew (192 398) nnd remaining in or near this position
for some time, if the vertical difference in height of ice-proximal
outwash terraces commencing at the same location and the scale of
the features are any criteria of age. The I^yne valley, intersecting
with the Pweed in this are- , appears to be the ideal site for
stagnation of ice if the pos ulated downwastage pattern of
deglacierisation occurred. Narrow and transverse to the regional
ice movement, joined only at its two ends by the main ice-flow
routes, it is entirely reasonable to assume that evidence of decayed
ice in the form of kame and kettle complexes should be prolific,
fet only one very low terrace is present, the higher flats stopping
abruptly at Five Mile Bridge as previously described (Chapter 7) •
Phe arguments for the ^yne terraces originating not as subaerial
outwash but by deposition from the tweed meltwaters in a l ie can be
summarised s f>llows:
a) they are flat-topped (Price 1961)
b) t-hey come to an abrupt end ( leltaic deposition?)
c) no dead ice features exist up uhe nyne valley from
Five File Bri i e
d) fo esot .nd topset d ltaic beddin ; was observed under a
planar-surfaced sheet of sand and gravel at L-iyurds,
3.9 miles up v lley, sug eating the former existence of
a lake.
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It is now known from the results tabulated in this thesis that
a) is incorrect. Hone of the terr- ces in the heriffmuir area can be
said to be horizontal, Fra raent 222, fo" example, has a m rked
gradient, falling in height both parallel to and away from the river
Lyne. Oignific ntly, p rtv ps, he abrupt end of the Lyne terraces
noted in b) coincides with a quarry face showing massive nreywacke
rocks to underlie the flats i.e. they are rock-defended, ihe surface
of the sheet of sand and gravel noted in d) was formerly at an
altitude of some 850 feet, about 150 feet above the F222 "nd 224,
It has already been noted that Midland Valley erratics have been found
in stone counts in terrasiform and non-terrasiform deposits in the
Lyne valley (a endix 5j whil the surface expression of ail Lyne
terrace fragments slopes down that valley, sometimes very steeply.
Fragment 212, a kettle! outwesh terrace fragment has no significant
decrease in altitude up the Lyne valley and thus at this ata ;e of
deglacierisation, the fweed meltwaters probably did not contribute
directly to the leposits near dellyne, similar conclusions can be
derived from zhe form of the large F216, ap lying to a later stage,
cceptin; ail this, the following tentative sequence of events
in .he area is suggested on the basis of the continua ion of dowagasting
as :he principal mean; of ice disappearance:
1) fwee ice existed at the Faster 'd- prew limit, having split
from that in the Lyne valley which had become st -nan,, the surfa.ee
layers becoming increasingly iecayed. From this decayed ice, melt-
waters built F222, 224 1 nd 250 while F212 and subsequently ?2l6 and
214 were formed by ggradati >n of outwash in front of the Owe d ice,
the margin of which remained in - near constant position,
i; ult-neously at several loca tions along the valley, stre; ms were
running on to and into the decaying Lyne ice and.at an early stage at
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un
least,an ice-mar inal lake was in ounded by the as yet ioc.yed layers
■nderneath (at L dyurd).
2) n unknown tine interv-1 later, the considerable amount of
meltwaters released from the melting of ice in the Oolphinton area
( rice 1961, Jissons 196/a) best-, to escape down the Lyne during the
final stages of break- u of the stagnant ice. Probably owing to the
bedrock outcrops at Five Mile Bridge, F222 and 224 were preserved
while the meltw ters removed or buried under the single low terrace all
ves i ;e of other terrace forms or dead ice features above this point,
band nd gravel carried by this greatly enlarged Lyne merged with
melbwr-ters from the by-then 1 rgely ice-free Mellon nd ddston valleys.
In adiition, meltwaters from the receding i"weed ice frmt combined
with Lyne-channelled 'waters to form such terraces as are now
represented by F240, 260 and 202, dhe last noted is clearly the
floor of a substanti 1 proglacial meltwater channel cut through F216,
206 and 214.
■j) shortly fter-vards, the continue 1 melting of the greed ice
must have outpaced the dissection of F216 and iowncutting c ntinued
solel in another sect! n of the br'ited ch nnel pattern of which F203
is the floor of one part. Fhuo meltwaters assumed approximately the
presen fweed course and a series of small terrace fragments >n the
east b nk of th.it river record ,he progressive incision that en ued
the ice continued to melt, .-'r "rents '38, 232 and 254 are later
products of the mass of s nd and gravel being shifted downviley by
these and Lyne-channelled meltwa tors. It is likely that the
infillin; of som of .he larger b .in sections of he fwe d, such -s
that e .ot of Xnnerloi hen, up to or oerh ps even slightly above the
present level was accora-dished by hese depo "its. It is suspected
that in mo t of these basins only local resorting of the materi Is and
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re- rrangement of the surf ce h s been accomplished by streams in recent
times.
4) Following the upvalley continued 're re t* of the fweed ice
and the gr? dual diminution of Lyne-channelled meltwaters, small
tributary fans were pradually built up, particularly on the south side
of the Lyne, as at 174 416.
It is recognised that this sequence does not explain all the
fe tures mapped in an entirely plausible fashion. Nonetheless, no
equally sim le viable alternative is possible in the light of available
evidence. Although the explanation offered does not implicitly
involve a re-'dv nee it may be that the deposits were laid down at
the end of, say, the Perth stage,as Sissons (1965 o.479) stated that
this is associated with extensive outwash in eastern _,cotland. ihere
is no evidence known to the author, however, that the ice limit at
Iheriffmuir represents the maximum of a readvrnce although if it were
not po sible to show that both the terraces and some of the terrasiform
deposits are probably related to water flowing down the Lyne valley,
the iVreed valley-ice rsadvanos would be a reasonable solution to the
1 ck of terraces above five Mi-e bridge. It would nob explain
however, the sudden cessation of these flat;, except by again invoking
r .oval of the non-rock defen ed parts by Lyne-channelled melbwaters.
furthermore, at whatever st ;e ice last melted in the Lyne v? ley, one
might reasonably anticipate that ice-c ntact deposits saould have been
formed and per isted .as in the Cornhill to Crookham depression, by
virtue of the relationship between he trend of the v-lley and of the
predominant ice movement in the area. their absence in such a
suifcr le loc tion fa stagnan ice suggests that removal by meltwaters
. .u::t have taken lice at one stage or mother. ,hile a re .dv nee may
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be demonstrated by the thick till overly ing laminated lacustrine
clays in the Neidpath ares, it could either be that this is a very
much older event or that it represents i.he early stages of a re dvance
which was terminated by the heriffmuir outw sh.
part from lower flats in the Stobo area, some of which contain
possible kettle holes and may thus have been formed within a mile or
two of glacier ice, the only demonstrably ice-contact terrace fra paent
as far upvalley from Stobo as Opumelzier is F203» probably a kame
terrace fragment in view of its kettled surface nd the lower k me
and kettle complex. At jrumelzier itself, the numerous kames protruding
through the Tweed floodplain and rising some 60-90 feet up the sides
of the valley indicate that the Tweed probably remained ice-filled
until a relatively late stage, in comparison with the Big-gar and
Holm ,ater valleys. The existence of several terrace fragments in the
Holm ,'ater vr Hey, up to 35 ? et above the present floodplain and
kettled in some cases suggests that outwash was deposited by meltwaters
flowing down this valley while a lobe of ice, the margins of it
stagnant, protruded out of the Tweed into the downvalley extension of
the featureless 3iggar dap. At certain stages, at least some of hese
m ltwaters were derived from the marginal drainage of the Tweed ice:
the correlation of id.42 and 150 (plane PI?, fi ure 9.6) strongly
.: acts a wnt r flow from the Tweed ice thr ;ugh the col s >uth of
R ch n Hill : nd into the minor valley,largely ice-free at this stage,
Several po. sible explanations exist for "the inter-valley
differences in he deglacieris tion pattern. It is important, however,
:o recognise the gu lity of the evidence as similar features to those
in the Tweed may once have exi bed in the Bigger dap, having
ubse juenbly become buried, n obvious expi'nation is th t a readvance
occurred of Tweed ice when that in the Holm ;rter and the Big/par inter
1, If this till is in situ.
v . leys axis ted only ut ide .he limit:: of the present fi Id arc: .
It seems likely tha the Holm later terrace fragments, ipproxim- tely
r nllel to the present stream, are the rem-..ins of ioe- iistal out-
v sh from ice melting at this time. ltematively, he explanation,
t least in part, ir. y be a combination of the variation in valley
topo ;rsphy "nd insolation effects. At Druraelzier the Pareed valley
form chan ;es to a much n rrower form than that immediately downvnlley,
ihus the sudden iiminution in surface are would naturally cause
chan es in -.he rate of melting of the ice in this area nd, in
ssociation with the variations in insolation intensity, would
po ibly explain all except the non-occurrence of ;1 cier ice in the
fweed-proxira- 1 . ections of the Holm iat r v lley.
It h n Ion,- been accepted that a re idv nee, J. talkie' ' /alley
lacier stage' followed th- disappearance of the main ice sheet in the
higher parts of the Southern Upl nds. £his has been brsed in the
st upon uch evidence s the non-existence of till within the
ostulated -o dvence.limits, bein ; replaced by the norainic mounds
•which dissons tl9(>7 a,p«141) has interpreted as being of Hone III age
n; thus ejuiv lent to the xoch Loam.! Va:.dv nee of iiighl nd cotl-nd.
Laminar urfac d sheets of sand • nd ; •* vel were loc ted in the
the
mouths of 7 tributary valleys in the mapped are:, those of Kingleiorss
...enzion, Hawkohaw, in ;1 nd ' nd dlencr i ;ie Burns md the Xalle r nd
ruid >n tors. Dheir r. iicnts in virtually all cases exc 1 50 feet
r mile n , dec its the present stre a gr dients often being of this
order, it i sus ec-'.ed that many of these chests of s n nd gr; vel
' re ice-proximal lutw?sh, .hers is no proof, however, in any of the
tributary v lleys tha the re dv nee nor.-ines are directly linked with
the outwaah: in n can--re they juxtaposed. It is luite permissible
therefore, to regs rd the latter, in the li ;;ht of present knowledge,
as p-rt of tha evidence for a continued ice recession into the high
altitudes of the tributary valleys. On this interpretation the
older features would be those in the lowest tributary valleys e.g.
the Kingledores outwash would be older than that in the Menzion-
Fruid-Ualla comnlex. Alternatively, the ice may have melted almost
entirely and then readvonced, such that the outwash sheets are
ene-contemooraneous, probably formed as the ice finally melted.
On the evidence vr-ilable at present, it is impossible to deny the
os; ibility that a combination of these events actually occurred,
the outwash being of different ages and formed during the recession,
of
not necessarily at the maximal extent, of the readvnce valley
rlaciers.
however and whenever the outwash originated, some description of
the landscape of the time is still possible. Principally by
iownw sting, ice in the area bee-me confined to the major valleys,
thinning and 'retre-ting' rs the effect of a negative mass budget, the
lacier front s. if ted upvalley, perhaps being stagnant in the extreme
frontal zone s indicated by he buried kamiform deposits at
Awe dsmuir. Along the glacier margin it seems that marginal aid
sub-marginal meltwa.er channels were cut. Outwash aprons from ice
in tributary valleys spilled across the entire width of the fweed
v lley at hese altitudes. Drainage from up- weed sources ccasional.
.eems to have been concentra ted on the opposite side of the v lley in
-the reas around the mouth of the Fruid, perhaps cutting some of the
lower •marginal1 meltwater civ nnels and also she course of the
present fweed (in this area) subaerially by superimnosition from
sand nd gravel on to bedrock.
A simil r situation seems to have existed in die Kingledores area,
where F137 is probably an extension of F112 emanating from the
Kingledores Burn valley. The considerable altitude of some of the
flats in this area, in particular F126, suggests that these may be
» *
krone terraces rather than the remains of proglacial outwash. As
meltwaters depositing all the out,wash reached the main valley, they
swung down-Tweod and continued their flow, probably forming the
now-elongate terraces and terrace fragments such as F90 and 96,
projection of the gradients of these fragments believed to be
associated with the presence of ice in the tributary valleys suggests
that they pass below the level of the floodplain in the Brumalzior
area, thus voiding any problem of the formation of the kemes there
subsequent to the presumably much later formation of the terraces
further upvalley.
Age relationships between terrace fragments in the Upper
iWeed and what are believed to be solifluction deposits are not clear.
while the low terraces such as F9 clearly post-date such deposits as
those underlying the Baden ree fan ( ection 27t appendix 6), the
higher terrace fragments are not found in close proximity to them.
Both the lip of the fan and the surface of Fl are at comparable
altitudes, separated by 150 yards but the non-exi tence of any gravel
under the fen suggests that these deposits pre-date the outwash.
In several parts of the XV/eed Valley proof exists -nd inference
i possible elsewhere that, excluding the areas adj -cent to
tributary junctions, the river has been little higher but may have
been lower than at the present day since the last ice left the region,
probably at least 10,300 ye rs a 70 (Sissons 1967a .141 and 146).
he artifacts found at Rink Farm (Ch-pt r 6) sug est that in this area
the floodplain has long been about its present location. i'hu3 it
seems reasonable to suggest that except in the esbuarine area,
affected even by small changes of relative sea level, the river
gradually attain d its present level during and shortly after the
dissolution of the glaciers. It is likely that since this period
the vertical variations in river profile have been small, terrace
rormation being much restricted in comparison with that in L?te-
Glaci 1 times.
CHAPTER 11.
TREND SURFACES AMP TERRACE FRAG'IBM? CORRELATION
A, The History of Trend Surfaces an:; their Comparison.
Computed trend surfaces have long been discussed as logical, two
dimensional extensions of the single dimensional regression or 'best-
fit* line. Their use as descriptive features,particularly where high
order3 of the variables are involved, only became possible with the
availability of high speed electronic computers. The progression from
the earliest fitting of multi-dimensional trends to areally distributed
data, such as that by Srumbein (1956) to the commonplace usage by
Chorley and Raggett (1965)* Read and Dean (1967) and many others at
the present day has thus spanned little more than a decade.
Most of the current work involving trend surfaces uses these as
quantified summaries or simplifications of the overall trend, separating
this from the noise (or loonl effects) at various scales of viewing.
As Lee and Middleton (196? p»19) remarked, this rarely provides results
not obvious from simple visual inspection. A few geologists and geog¬
raphers, however, have attempted to correlate sets of data by quantit¬
atively comparing trend surfaces fitted to all the sets. The earliest
attempt to thus compare areally distributed data in a quantitative
fashion in the environmental sciences appears to have been that by
Robinson and Bryson (1957)• They attempted to find a relationship
between farm population density and rainfall in Nebraska.
More sophisticated studies have recently been made by "iller (1964),
lerriam and Sneath (1966), Rayner (1967) and Rao and Srivastava (1967).
Merriara and Sneath (1966), in analysing the similarities between trend
surfaces fitted to various stratigraphic horizons in Palaeozoic rooks
in Kansas* employed two methods to compare the cubic surface coefficients.
The first of these hinged on the concept of taxonoraio distance, d,
between j and k, represented by
where is the value of the i th character of j, Xik is the value
of the i th character of k and n is the number of characters. Weighting
of each coefficient was achieved by standardising each term so that it
had a mean of 0 and a variance of 1. The other method employed was of
deriving the correlation coefficient r for combined surfaces brought
to the same mean level. Prom these values, dendograras were drawn to
illustrate the relative similarities of the surfaces fitted to the
different atratigraphic horizons.
•fandelbaum (1966) criticised these procedures as employing several
arbitrary manipulations, in particular the method of standardisation
and suggested alternative weighting techniques.Rao and Srivastava (1967)
agreed with 71andelbaum in stating that it was impossible to compare
two trend surfaces with the Jerriam and Sneath distance function as
they will have no standard deviation. These authors also expressed
the feeling that Mandelbaum's method of weighting would make the
calculation procedure biased. In oostparing two subset trend surfaces,
essentially to study internal consistency of the results, their
investigations of the validity of distance functions yielded results
which did not correspond to those derived from different methods,
although, in contrast to "ferriam and Sueath, they included the con¬
stant term of the trend surface equation in their calculations, It
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is clear that rauoh more investigation in depth of the techniques of
surface correlation is required, particularly as more methods are
coming into use, Rayner (1967)* for example, published a theoretioal
study of techniques of correlation between surfaces by spectral methods.
B, Statistical and "rogramrairuy Techniques used in this Study.
Due to the lack of both general agreement on the best means of
correlating surfaces and time to carry out experiments on this point,
only one simple technique was employed in this study. This is based
on a comparison of the variance between two surfaces with the 'internal
variance' of both, treated separately, and was tested by an P test on
the null hypothesis that no significant difference existed between
these estimates of variance. Thus the initial condition for declaring
two terrace fragments as paired, that the mean difference in height
between them is no greater than the mean variation in height of either
surface (Chapter 2) was employed in this analysis of variance. Such
ft stringent condition for pairing oould easily be relaxed by comparing
the estimated variance between the surfaces with some multiple of
that for each surface.
The general procedure employed in this largely experimental study,
of necessity limited to only a few large fragments in the Fleurs Castle
area, was as follows. First, second and third order trend surfaces
were computed for each fragment or composites of fragments in the area
using a modified version of the O'Leary, Lipoert and opitz (19^6)
P RTR 'I IV program, run on a Univoc 1108 and an I.B. I, 360/65. For
reasons that will become obvious, only linear and quadratic surfaces
were employed in the final analysis. Figure 11.1 illustrates typical
contoured trend v vps from this program, derived from the maps produced
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by a lineorinter.
The most commonly used measure of reliability of the fitted
surfaces is the sum of squares test, based on the percentage of
the total sum of squares of a particular varlate (terrace altitude
in this case) accounted for by a surface of a given de ree. ibwarth
(1967) showed that where this value ,the coefficient of determination,
does not exceed 0,6, 12,0 and 16,2 percent for linear, quadratic
and cubic surfaces respectively, the mapped variable probably does
not differ significantly from being random in nature. As all the
values obtained for the coefficient of determination were far in
excess of these thresholds, it was accepted that further analysis
was justified as the trend surfaces adequately explained the data.
The general procedure for the next stage was as follows? where
the fit of each surface to the single terrace fragment, as expressed
2 1
by the r" value , was good, the equations of this and the other
supposed correlative surface were inserted in F-CAL, an Atlas *uto-
oode program developed for the purpose of analysing the estimated
variances. This program, listed in full in appendix 8, first reads
in the coordinates and height values on terrace fragment A, as
derived from fieldwork. In the case where the effects of different
data distributions are being studied and only one terrace fragment
is concerned, the computer then calculates the deviations of the
actual values from the theoretical values of height of the fragment
at each of the sampling points. In addition, the mean and standard
deviation of these values are calculated and a histogram plotted by
1: r^ = coeffieient of determination, where r = coefficient of
correlation.
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grouping the values into twelve categories from plus three to minus
three standard deviations, to test that the distributions of the first
and second order residuals are both approximately normal. This operation
is repeated for the second pair of first and second order surfaces
fitted to fragment A from different samples, except that the same co¬
ordinates are used as previously. The same calculations are also
performed on the differences between the two similar order surfaces
at these coordinates. Although most distributions of residuals or
differences were approximately normally distributed, this may not be
of great importance as Molntyre (1967 p.46) has recently stated that
"although the least-squares criterion does not require any assumption
of normality, tests of significance usually do. Fortunately it seems
that most tests are robust i.e. departure from normality is not critical."
In cases where the data sets were not wholly overlapping in this
manner, such as in the comparison of discrete terrace fragments, a
modification of this method was employed whereby surfaces fitted to
fragment A were compared with composite surfaces fit+ed to both A and
fragment C, titled B« In addition, trend surfaces fitted to fragment C
were projected over the area of fragment A and similar calculations
carried out. If the residual and difference values are considered to
be tabulated in columns, each column consisting of No values,where Mc
is the number of geographic coordinates at which points heights were
gathered on fragment A, the variation between column means is given by
Sroxton (1959 p.297) as
"No 2 '
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where / . refers to a sum-ation of the values of the No items in a
1 Kb
column and 37 refers to a summation over all the Kb columns. As
1
in this oase two sets of residuals and a set of differences are involved,
Kb * 5 aad thus H * 3 x Be for each order of surfaces considered. The
symbol X refers to a residual or difference value.
The estimated variance is obtained by dividing the variation between
column means and that within oolumns by the respective degrees of free¬
dom. In all calculations involved, these are 2 and 3(No - 1). Thus
the P value, as Groxton (1959 p.299) stated, is derived from
Estimated variance between column means
Estimated variance within columns
and this is then compared with an P table to see if it is significantly
larger than would be expected at given probability levels. Finally
the whole process was repeated by switching the A and C data sets and
thus e rLoying different coordinates and different values for Bo.
While not possible in the case where various surfaces fitted to
a single fragment are being compared, some objection may be made to
this method where surfaces are fitted to two fragments simultaneously
the
as, by nature of trend surfaces, values are being compared with others
whioh are a partial function of themselves. Put another way, the
I T
comparison of the theoretical values X( ...... Xn_. + n derived from
A
fitting a certain order surface 1 from the actual values . ........
T T
X . with the theoretical values X,,. .......Xn. ... „ derived fromJ $. n »j "j An
fitting the same order surface 2 from actual values X;^ X,, ^ , n
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A A
and Xyj......Xq^ , n on fragments A and C respectively would soem to
f T
employ the only partly independent values .......X^ + n in an
important role. Yet an entirely similar method is widely accepted in
the field of statistics for comparison of the coefficients of like
terms in polynomial equations (Johnston 19&3 P»136). The most recent
published quantitative comparison of trend surfaces (Kao and Srivastava
1967) does not discuss the error effects of non-independent data sets.
C. Problems Associated with the Use of 'Trend Surfaces in Terrace Studies*
iuite apart from statistical considerations, however, a number of
other methodological points are important in this particular study. The
first of these is that low order surfaces must be employed as high order
equivalents could still provide a very good fit to two dearly unrelated
surfaces. For this reason, only linear and quadratic surfaces were
employed. Yet fitting a linear surface to fragments whioh are inclined
across valley as well as in a downvelley direction could result in a
very poor correlation between two sue 1 surfaces fitted to two fragments
on opposite sides of the river, especially where substantially different
numbers of heights were available on the different flats. The advis¬
ability of ensuring that comparable numbers of spot heights exist on
two fragments to be compared involves gross variations in the density
of heighting required and thus presumably also of the accuracy of
characterisation of the flats in question. Surfaces or projected sur¬
faces fitted to each of the two fragments would cross, in shed roof-like
cross profile near the centre of the valley, the looation of the line
of intersection being a function of the cross valley component of slooe
and relative height of each surface. Thus to give meaningful cross
valley comparisons of two fragments not immediately opposite each other
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it may be essential to invent mirror-image equivalents of each fragment,
the mirror position being represented by a vertical plane down the
centre of the valley at that height. If this were oarried out, linear
planes would be horizontal in cross valley profile, bisecting the real
and imaginary terrace fragments#
A seoond methodological limitation is that initial simultaneous
correlation of all or many of the terrace fragments along a river is
not possible. The use of low order trend surfaees necessitates the
assumption that downvalley gradients over short distances are approx¬
imately constant, which is in any case a fundamental of terrace frag¬
ment correlation by altimetric means, excent where it can be shown to
be in error by study of the underlying terrasiform deposits. Only
step by step correlation, correlating A, with B, and B1 "* P 1— q 1 — q
with
_ and so on is possible .
It is well known that surfaces fitted using orthogonal polynomials
should not be projected far outside the control area. If this is done
they may become extremely unstable and the derived values can be
extremely unreliable (James 1966), Naturally thi3 complicated the
analysis, necessitating the adoption of the statistical methods des¬
cribed above. In future, it is intended to check the results of this
study by fitting surfaces based on Double Fourier series. While
convenient, relatively easy to implement and reliable for low order
surfaces, the *Leary, Lipoert and Spitz (1966) program frequently
gave poor results when trial runs were extended to higher degree
1: p, q and r are the number of terrace fragments in vertical sequences
at suocesive points A, B and C respectively within a river valley.
surfaces. Divergence of the r(correlation coefficient) values occurred
frequently at the third or fourth order level due to the inverting of
an ill-conditioned matrix (Kirumbein and Graybill 1965) obtained in
this program by relatively u ^sophisticated statistical techniques.
Figure 11.2 illustrates the problem resulting from fitting a first
order trend surface to height data and then projecting this in any
manner downstream. Although a uniform gradient exists along a line AB,
a line along the centre of the valley'' represented by ABGD, when graphed
against projected height of the computed surface into a projection plane
on this base (along which the fragments are roughly orientated), shows
a non-uniform gradient (figure 11.2b), Figure 11.5 shows an extension
of the problem: even where a higher degree surfaoe is fitted which will
follow the first part of the ourve of a valley meander, the usual asymm¬
etry in plan view of many of these arcuate features results in a marked
discordance in desired and actual positions of the surface a short
distance downvalley. In the situation where surfaces fitted to one
fragment and to this fragment in combination with another which is a
little way around the meander from the first fragment are compared, a
simple surface will probably suffice in the first case while a much
higher order equivalent may be required in the second to give a com¬
parable goodness of fit. ./here the higher terms in the equation of such
a surface contribute signifioantly to the surface form, it is impossible
to comoare the different order surfaces. Thus on this basis, terrace
fragment correlation is best restricted to near-straight valley seotions
Is valley in this case need only mean that immediately enclosing the
terrace fragment, perhaps made up of the scams fronting higher terraces
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Prom these problems, certain conclusions can be drawn:
a), that low degree surfaces must be used for terrace fragment correlation.
b). that some means of testing the safety of the teohnique already des¬
cribed for deriving common coordinates for surfaoes fitted to two
fragnents would be useful.
o). that correlation of fragments all on one side of a valley is often
easier and more reliable than cross valley correlation.
d). that some means of avoiding the problems of terrace remnant correla¬
tion within a meandering valley would be useful,
e). that the effect of data distribution on all results, previously
disoussed in Chapter 3, nay be substantial and must be analysed.
Most of the conclusions will be disoussed in greater length in
section D of this chapter, dealing with the results obtained, However,
a description of the technique devised to satisfy d) must be given as
this was used intensively in the derivation of these results. The
supposed inherent low degree of correlation likely between surfaces
fitted to fragments within a meandering valley was obviated by steering
the surfaces around the meanders. This was accomplished by referring
the coordinates of all heighted noints to distance down a line around
the rear of a terrace fragment (where the valley sides are parallel
or sub-parallel) from an arbitrary origin and to perpendicular distance
from the same line, rather than, as previously, to the National Grid.
Thus, in appendix 1(b), both P(distance downline from 0), Q(perpendicular
distance from line) and National Grid coordinates of all the points on
the Pleura terraces are given.
Effectively, this technique straightens out the valley, resulting
in compression and stretching in different sections of the fragment.
Because of this, original point distribution patterns are distorted
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where the valley walls are sinuous end this is particularly noticeable
where the original layout was a rectangular grid. The sinuousity of
the line also leads to an ambiguity of plotting as outlined in Chapter
8? in some areas a given point may have more than one possible set
of coordinates. Experiments showed that because the ainuousity index
of the smoothed valley sides at this height, ignoring email gullies,
was usually small in the section of the Tweed Valley where the techniques
were tested, such ambiguity appeared to be small in degree. The conven¬
tion of plotting each point at the first possible location on the
sinuous plane was employed, when plotting sequentially in a downvalley
direction, Jhero the valley sides are not parallel or sub-parallel,
it would probably be necessary to take a medial line down the valley
as the X axis of the new 'orthogonal' coordinate system.
J, Ltesults of the present Investigation.
Trend surfaces were fitted to data gathered on fragments F 534,
535 and 5*36/583 and also to fractions of the total data available for
F 595 and combinations of all three terrace fragments treated in pairs.
These fragments were selected both for their areal extent which made
surveying relatively simple but also because, on the basis of the
normal methods of correlation (Chapter 9) it seemed fairly certain
that F 534 and 535 were contemporaneous while 536/588, perhaps a
composite feature, was rather lower and presumably younger. Thus ,
although aon-altimetrie data is strictly necessary to confirm this, a
basis for investigation of the merits of the trend surface comparison
technique exists.
The equation coefficients of all the trend surfaces, their
correlation coefficients, standard deviations and the number of in¬
dividuals involved in the calculations are set out in sections A and B
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of appendix 3. Section G of that appendix contains information
pertaining to the comparison of the listed surfaces. This includes
the P values and the degrees of freedom associated with the calculation
(V^ and V2). The M value is the smallest integer multiple of estimated
variance within columns necessary to reduce the actual value of F
below the significance level at the .001 probability level (where this
multiple is greater than 1), to conform with the null hypothesis that
there is no significant difference between the estimated variance
between column means and that within columns. These M values were
calculated on the assumption that the'significant* F value at the
•001 probability level for V = 2 and V = 130 to 600 is approximately
X
7.2.
Accepting the correlation between F 384 and 595 as demonstrated,
a number of important conclusions can be derived from the data. The
first of these is that there seems to be little difference in represent
-ation of a surface with the use of different data distributions,
certainly where a comparable number of heights is involved. Thus
the 12 comparisons of surfaces generated from randomly distributed ,
clustered and gridded heights on a section of F 535 produce extremely
low F values, in most cases below the signifioanoe level where M » 1,
The few higher values of F, requiring an M value of up to 5 to ensure
that there is no significant difference between the estimated variance
between column means and that within columns, seem to be associated
with the quadratic surface fitted to randomly distributed heights.
Conversely, the quadratic surfaces fitted to heights around the rim
of F 535 and to those on a rectangular grid over the whole terrace seem
to fit together better than do the linear surfaces. It is suspected
that the relatively good fit to all the surfaces associated with the
latter pair of data sets is largely due to the one cross traverse
on F 585 present in the A3 data set being a very olose approximation
to the terrace oross section as a whole# In other words, little
variation must occur in the terrace cross profile up and downstream
from this point although the better 'fit-together* of the second
order surfaces as compared with the first may suggest that some
does occur# dlth no oross traverses, using only data oollooted
around the terrace rim, the derived trend surfaces would almost
certainly have •blown-up*, becoming unstable at a low order surface#
Other workers have found data distribution to affect markedly the
results they obtained and this seems to bo particularly a problem
where opportunities for data gathering are restricted to sites such
as infrequent rock out crops or where the overall distribution is
markedly elongate rather than rectangular. (J# Boveton pers. comm.)
In view of the good results achieved in comparing the variously
distributed data sets on a section of F 595• those obtained by
comparing the whole of this terrace fragment (A5) with its up (A6)
and downstream (A7) halves are a little disappointing# Although low
in comparison with the results from some obviously misoorrelated
examples (e.g. A2 and A12)f the M value is as high as 22 in the oase
of the comparison of A5 and A6. Sven higher values appear necessary
where A7 and A6 are compared, rather than when one half is compared
with the whole filament# This emphasises the dangers of extrapolat¬
ion of trend surfaces even a small distance outside the control area#
It is manifest from the results that,despite these dangers
inherent in extrapolation of trend surfaces, the practice of com¬
paring surfaces fitted to single fragments with those fitted to this
frrupaent and another, or the reverse comparison, is unwise and should
be discontinued# The resultant F value seems to be largely unrelated
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to whether the combined fragments are correlative or not, even
using low order trend surfaces (e*g A1 and B1 in comparison with
Al and B3). Indeed, the only manifestation of such a aiscorrelation
is usually the occurrence of a much larger standard deviation for
the height values of the combined fragments in comparison with those
for each fragment individually. This does not occur when the two
combined surfaces are correlative (e.g. Bl in comparison with BJ).
Thus the standard deviation of the Z (height) values may be capable
of use as an indicator of miscorrelation.
In contrast to the frequently good results achieved by comparison
of surfaces fitted to single correlative fragments and also to those
fitted to miscorrelated pairs of fragments, comparison of the sur¬
faces fitted to individual fragments believed not to be correlative
was extremely successful in that very high F (and thus M) values were
obtained, in two cases exceeding 5000, As on illustration, the F
values for the comparison of first and second order trend surfaces
fitted to data seta A2 and A5 are aonroximately 190 and 120, while
the corresponding values for A2 and A12 are 931 and 2010. However,
the variation in P arad M values even for believed-correlative surfaces
is such that, at this present stage of analysis, it seems more
reasonable to accept as correlative the two surfaces of three with
the best fit and not to set up any rigid hierachical scheme for the
limitations to pairing (excent if in all cases the F value is consider
-able, may in excess of 1000, and then to pronounce that none of the
surfaces are believed to be paired). Much more work is needed to
analyse the effects of variations in numbers of heights on fragments
and other variables before such a hierachical scheme is justified;
at present, therefore, it is possible to say that A and B are more
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nearly paired than A and C but only rarely can it be stated that all
of them are definitely not paired within reasonable limits.
On an initial analysis, the comparison of trend surfaces fitted
to R coordinate-located data seems to have no advantage over that
involving the more usual National Grid-located data. Of the 10
comparisons of terrace fragments made in which both NG and R co¬
ordinates were used (leading to 20 F and 20 M values),both R and
NG-style data sets provided the best •fit-together' of the two surfaces
concerned in 8 cases while in the remaining 4 cases the difference
between the values from the different data sets were not significantly
different. However, in certain cases where exnected, such as the
comparison of F 584 and F 585 (A1 and A4(NG), A2 and A5 (R) and their
reversals), the R coordinate-located data usually gave a better fitting
■^together of the two surfaces. In suoh circumstances lies the theo¬
retical and possibly great practical advantages of the re-ordering
of the coordinate system: wherever marked sinuosities exist in the
valley course, this 3ystem probably leads to better F values for
correlative surfaces but not for those which are non-correlative
(compare the A1 and All (NG) results and their reversals with those
derived from A2 and A12 (R) and their reversals). It is clear that
much more work is necessary on this in an environment of numerous,
sinuous terrace fragments before this hypothesis en be substantiated
or firmly rejected. In such an environment, a more detailed analysis
of the effects of plotting ambiguities would have to be made.
An analysis of the results derived for first and second order
trend surfaces produced the following. Considering all the comparisons
between surfaces, the first degree surfaces fitted together substantially
better than the second degree ones in 13 (33a) of the cases, the second
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degree 'fit' was much better on 15 occasions (38,5).,while on 11
oooaaiona (29, ) no significant difference existed, tlhen this
analysis was restricted to those surfaces showing a good or moderate
fit, the corresponding values are 11 (35,"'), 10 (32.5, ) and 10 (32.5, )•
Thus there is no reason to believe that either of these order surfaces
produces a better *£:it-together* than the other. In all oases, the
second order surface fitted the original data better than the first
order variety, as shown by the explained variation, but it seems
that in the comparison of two second order surfaces, local factors
in each data set may have overriden the regional factors to the extent
that no better 'fit-together* of correlative surfaces was obtained.
It is therefore likely that (as suggested in section 0 with reference
to surfaces fitted to combined fragments) no advantage is to be gained
from fitting higher order trend surfaces to the data sets.
In conclusion, several problems are seen to be associated with
the use of the technique and further work ig necessary for their
rigorous examination. The success, however, of the method in differ¬
entiating manifestly miscorrelated fragments is such that it encourages
further work on these lines, if possible where correlation has
previously been carried out on a non-altimetrio basis. This analysis
has, it is believed, been successful in at least demonstrating both
the inadvisability of employing trend surfaces fitted to combinations
of terrace fragments and, in the case examined, the small differences
attributable to different data distributions,but the relative merits
of different coordinate systems have not yet been resolved. It is
also desirable that future work should include investigations of other
techniques of correlation of the surfaces, perhaps either by distance
functions or trigonometric methods.
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C H A P T B R 12.
A 50?,BJARf OF THE 1RI4CIPAL CONCLUSIONS.
This study was carried out against a back -round of previous
terrace studies in glacierised areas and was based on altitude and
gradient of the flats and all the known geomorphological knowledge
concerning the Tweed Valley. Its aim was to test the kind of con¬
clusions made about terraces in the past on altimetric evidence in
similar environments, if necessary suggesting modifications or
improvements to the man ;er of working and interpretation of the results,
and also to extend the regional knowledge to include the pattern of
deglaoierisation so far as this is possible from a study of terraces
and other adjacent deglaciation phenomena. Maintaining the dichotomous
division into systematic and regional aspects employed elsewhere in
the thesis, this summary will be divided into two sections.
A. The ''ethodolo -y of Obtaining Conclusions from Terrace Heights.
The location of heights on any terrace fragment and its extension,
the resultant areal distribution pattern, may very well have some
bearing on the detailed results obtained, particularly where simple
height layouts are employed. The simplest of all schemes, that consist
-ing of single lines of heights down terrace remnants involves the
assumption that these are genetically significant spots or at least
adequately represent the fragment as a whole. The difficulties of
ensuring that this is always so su est that much mors satisfactory
results would be obtained from heighting on a rectangular or triangular
grid pattern or on a randomly distributed basis. The first of these
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possibilities gave good results and offers relative ease of layout
in the field but suffers from the possibility of certain harmonic
elements of the surface relief escaping through the fixed grid-size
filter.
It is quite futile to discuss or to be concerned with the
niceties of the location of heights on terrace fragments if the means
in which they are measured is basically inaccurate or worse, if it
is occasionally and uncheckably inaccurate. Enough evidenoe has
been gathered to show that only accurate instrumental levelling or
tacheometry oan provide raw data of a consistently high-enough accuracy
in the Tweed Valley-like conditions. The aneroid barometer was found
to be quite unsuitable for terrace studies in such an area. Other
suitable techniques, however, may be available in the near future.
Even if accurate-enough results are available, as those in
appendix 1(a) certainly are, conclusions drawn from the currently
accepted means of representation of these on some variant of height/
distance graph may be unsatisfactory due to the inherent distortion
effects. It is possible in certain circumstances to draw conclusions,
particularly with regard to correlation between supposed contemporan-
i
eous fragments or to the relationship between apparent knickpoints or
nickpoints in the present river surface and low terraces, which are
due solely to the data analysis system rather than being a primary
function of reality. Both curvilinear and linear planes of projection
distort the represented form of the terrace fragments in partly
predictable manners and this must be allowed for in any analysis,
particularly in the regions around the junctions of linear projection
planes.
Little discussion has ever been published on the limits at which
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terraces can be considered to be correlative when reproduced on
these projection planes. In this study, downvalley correlation
was carried out by visual inspection but was by any means often
impossible due to the multiplicity of terrace fragments related
to different stages of ice retreat. It is feasible and technically
easy to correlate projected terrace fragment heights by a number
of statistical methods but in view of the possible representation
error and inherent projection plane distortions, this apparent
objectivity is, in Tweed Valley-like conditions, quite pointless.
Bonetheless, correlation and regression techniques are useful for
comparing the internal consistency of the values derived for different
samples of a terrace fragment's gradient. These occasionally showed
significant variations where based on less than 7 accurately heighted
and located points. Where the terrace is patently a present-day
floodplain this threshold value can be reduced to 5 or 6.
Within broad limits it was found possible, sometimes unambiguously,
to assign terrace fragments and terraces an origin on the basis of
their downvalley gradient where it was based on a number of height
values in excess of this threshold. It is essential, however, that
all other available evidence, morphological, stratigraphical or
otherwise, be integrated into the final analysis, as the category
limits of the classification scheme devised for and vised in this study
are based on landforras currently active in other parts of the world
which may not be in all respects directly comparable to Tweed Valley
conditions.
Gross valley correlation of terrace fragments is a much employed
but rarely analysed technique! the criterion suggested for two terraces
or terrace fragments to be paired is that the mean difference in height
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between then should not exceed the nean height variation on either
of them# This was tested and found broadly satisfactory for the
lowest, floodplain terrace. It is impossible to test this or a
similar hypothesis involving multiples of one side or the other of
the inequality defining the existence or otherwise of paired features
unless higher flats can be proved to be contemporaneous by non-
aliinetric means# As a detailed study of terrasiform deposit
stratigraphy or lithology was not possible in the time available
and as no organic samples suitable for C 14 dating were found there
-in, it was not possible to test this criterion further within the
field area.
The difficulties and limitations of comparing terrace heights
which are believed to be representative and comparable, through the
medium of height/distance graphs have been indicated. A new technique
for comparing terraces or terrace fragments on an areal basis, by
fitting trend surfaces and quantitatively comparing these where a
good fit to the initial terrace was obtained, was investigated for
three remnants in the Pleurs Castle area. Although only at the
earliest stages and requiring more investigation before the advantages
of steerable trend surfaces and the correlation technique employed
can be fully defined, several interesting asneots emerged from this
pilot study. Manifestly raiscorrelated fragments were clearly dieting
-uiahed while it was demonstrated that the use of surfaces fitted to
combinations of fragments is inadvisable, whatever the degree of
surface employed. In the examples tested, the data distribution
pattern did not significantly influence the form of the resultant
trend surfaces. Tne use of the technique is concomitant upon the
availability of a very much more detailed height coverage than was
1
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normal in this project. Thus its widespread use demands even neater
periods srent surveying in the field using conventional methods or
requires the introduction of such more rapid yet acceptably accurate
techniques. It is honed to teat several of the latter in the future.
Even although detailed correlations, where made, may be erroneous
and terrace fragment gradients distorted in important resrects, there
can be no doubt of the final form of the Tweed valley terrace sequence,
a form unprovable except by accurate surveying. The Tweed terraces
are made up of several distinct groups of high gradient fragments,
interpreted on altimetric and other grounds as ice-proximal outwash.
These are truncated at lower levels by the distal sections of younger
outwash and present day terraces and terrace fragments. In no case,
other than on a purely local scale, could terraces be linked with
knickpoints or niekpoints. Squally, only in the zone up to 20 feet
above the Lower or extreme Upoer Tweed oould the terraces be considered
as parallel or sub-parallel to the present river and floodpiain. It
may be that this sequence is peculiar to the Tweed valley but this seems
a suspiciously idio mraphic conclusion. Only by equally detailed work,
preferably on an ianroved altimetric basis in combination with strati-
graphical or lithological evidence, can it be shown if the terrace
sequences long established in some other parts of Britain contain any
of the ice-proximal outwash which would call for reappraisals of the
existing evidence.
B. The Pattern of Events in the Deglaoierisation of the Tweed Valley
Making due allowance for the difficulties involved in commenting
on a regional pattern of deglacierisation from field work restricted
to a relatively narrow strip as represented by areas adjacent to the
river, it is possible to make a number of generalisations concerning
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the manner in which ice left the Tweed Valley. From the evidence
presented in earlier chapters, it seems likely that foreign ice
was either present or caused deflection of Scottish Highland ice
into the mouth of the valley at the oldest recognised stages,
leading to the possible formation of an ice-dammed lake.
The last deglacierisation in the j3erv?ick to Coldstream area
seems to have been typified by downwasting of the large sheet of
ice occupying the dished valley between the Lamraerrauirs and the
Cheviots and Fell Sandstone escarpment, resulting in overall thinning
and retreat of the ice margin. In front of this mass, ice-proximal
high gradient terraces were formed, probably deoositional in the
main but also formed in part of degraded ice-moulded ridges of till.
Ho evidence is at present available to show if this deglacierisation
is that following the Aberdeen - Lammerauir Readvance.
Meltwaters flowing through and along the margins of this ice
sheet deposited the kame, kame terrace and kettle hole complex in
the Cornhill to Crookham depression, broadly in accordance with
Olapperton's postulated two stage drainage hypothesis. Later melt-
waters may have split into two courses as evidence exists to suggest
a westerly flow to Coldstream and out to the sea via the gorge
section of the -.-•resent Lower Tweed. This gorge, in cosnon with
others in the valley was probably cut lar ply by meltwaters running
in, under and in front of the Tweed ice mass.
Little evidence of ice front halts in the general thinning and
♦recession* was found as far upvalley as Rutherford, except for some
evidence of marginal stagnation. A kaae and kettle complex at that
spot, related to ice-proximal outwnsh, is, in association with the
stagnation zone at Abbotsford, probably responsible for the broad,
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impressive low gradient terraces in the Fleurs Castle area and also
probably for many of the similar but smaller fragments farther down-
valley. The location of the phenomena at Abbotsford is largely
explicable in terms of the sudden opening-out of the Tweed valley, in
combination with the presence of meltwaters from the southeast and
southward-draining Gala and Allan water valleys. It may be that the
highest of the kame terraces at Rink Earn, one and three quarter miles
upstream from Abbotsford, is related to one stage of the proglacial,
ice-proximal outwash which commences near the latter spot.
The long still-stand of the ice front demonstrated in the Ashiesteel
area where the ice was confined to a single, deep and steep-sided valley,
probably active in all but marginal areas,is difficult to explain on
topographic grounds and must therefore be assigned to climatic factors.
It seems beat, therefore, to postulate a renewed cooler spell to provide
for the stabilisation of the ice front while several terraces were
formed in front of it.
Following this, little evidence of stabilisation of the ice front
is known until the Stobo area, where an unresolved situation concerning
the relationship between terraces in the Lyne and Tweed valleys was
encountered. The most favoured hypothesis to explain the pattern of
these phenomena and the considerable amounts of sand and gravel under¬
lying them is that they were built up by meltwaters from downwasting
ice in both valleys. Active ice is believed to have existed in the
Tweed valley while that in the Lync is presumed to have been dead and
quickly decaying. The complete rupture of the dead ice barrier in
the Lyne by neltwa.ters impounded in part of the Midland Valley and the
rock-defended nature of the Lyne terraces led to the latter being
virtually the only remaining evidence of ice presence in this valley,
249
all ice-contact deposits and other terraces being destroyed or buried.
It may be, as has been suggested, that this occurred at the end of
the Perth Readvance but of this no proof is known to exist. All that
can be stated with confidence is that here there is evidence of a
prolonged stabilisation of the Tweed ice front, due in part possibly
to the change in the Tweed valley width at this point.
Virtually nothing other than the floodplain terrace is known to
succeed this proglacial complex as far upvalley as Drumelzier. At
this location, clear evidence exists to show that a lobe of Tweed
ice protruded out into the combined Bi -gar and Tweed valleys while
the Bigger and Holm Water valleys were probably largely ice-free,
the latter receiving meltwaters from the Tweed valley via the low
col to the south of Raolian Hill, How much the obvious topographic
influence of a dramatic broadening of the valley cross section is
responsible for this long-lasting ice in the Tweed valley and what
part renewed climatic deterioration played, if any, is as yet unknown
for this stage, It may be significant, however, that northeastern
trending valleys, 'draining' away from the centres of ice diversion
and therefore always containing thicker ice upvalley seem in certain
cases (e.g. Teviot/Tweed and Tweed/Biggar junctions) to have been
ice-filled when other adjacent valleys were at least in part ice-free.
The final halt stage in the disappearance of ice from the Tweed
Valley is that responsible for ice-proximal outwash in seven north¬
east, north or northwest trending tributary valleys of the Upner Tweed.
These are those containing the Kingledores, "enzion, Hawkshaw, Pingland
and Glencraigi© Burns and the Talla and Pruid Waters. As at itobo,
at least two possibilities exist in the manner in which this proglacial
outwash may have been formed. The suite of terraces and terrace
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fragments, the surface expression of the outwaah, apparently unrelated
in the nsain to events in the main Tweed valley, can be interpreted as
a series of flats of different ages due to the retreat of ice into
tho tributary valleys or, in most cases, as the synchronous ouiirash
from a readvance of valley glaciers. Whatever the reason for the
features being at these locations, there seems little doubt that they
extended across the main valley opposite their point of issue, then
continued down-Tweed, merging with comparable features as their down-
valley gradients diminished.
Of all conclusions to ba drawn from terraces, those concerning
contemporary sea levels are most likely to be in error. On the
evidence available, however, it seems possible that the relative sea
level at a time when the ice front was between Berwick and Coldstream
was relatively low, perhaps 60 feet or more below present. By the
timo the ice front was in the fiutherford-Abbotsford area relative sea
level seams to have risen to some 10 - 15 feet above the present value.
Since the last oonrolete deglacierisation of the Tweed Valley, no sub¬
stantial variations in the vertical position of most parts of the River
Tweed are believed to have occurred.
BIBLI038A- HY,
AUG (1862) Summary of points augested by the Berwickshire
naturalists1 Club as deserving of observation
during the progress of the Berwickshire Railway.
Hist. Hk. Nats. Club. 4, 394 - 6.
ANON (1955) Million Random Digits with 100.010 Normal Deviates.
The Rand Corporation, Glencoe, Illinois.
ANON (1965) Textbook of Topographic Surveying. H.M.S.O.
ANON (1967) The Tyne Tunnel. The Consulting Engineer 31(10),
46 - 57.
ANSON, Vf.9. and 31IAR , J.J. (i960) Surface and Rock-head Relief
Features in the Northern part of the Northumbrian
coalfield. Univ. of Newcastle upon Tyne. Oeot..
of Geogrr-.-hy. Research 'Series No. 2.
AL-DIN, T.S. (1963) The Oeasurement and Significance of Seismic
Velocities in Unconsolidated ledia. Birmingham
Univ. M.Sc., Unpublished.
ALLEN, J.R.L. (1965) A review of the origin and characteristics
of reoent alluvial sediments, oedimentology 5(2),
91 - 130.
AIDERS >N, W. (1939) Possible Late-Glacial Sea Levels at 190 and
140 feet O.D. in the British Isles. Geol. Nag.
76, 317 - 321.
AUSTIN IlLLBR, A. (1939) Attainable Standards of Accuracy in the
Determination of reglacial Sea Levels by hysio-
grat>hio 'ethoda. Jl. Geomorph. 2(2), 95 - 115
BjURDUSR, F. (1959) Origin and Success of an Erroneous Geological
Theory. Eustatism as applied to Alluvial Terraces
(French) Rev. Geomorph. Dynam. 10(1 - 4)« 16 - 29.
BRICK, J.C. (1964) Channel patterns and terraces of the Loup Rivers
in Nebraska. U, >. Geol. ,urvey., 'rof. -aners 422D.
41 p.p.
>R :i J. (i960) The co-mionsens; of science. elican.
Mi;!, .D. and ROBERTSNAJ. (1953) A seismic survey determination
of the thickness of unconsolidated deposits overlying
shallow mine workin s. Colliery Guardian vol. 137,
432R, 347 - 53.
252
BROWH, REV. T. (1870) On the Old River Terraces of the Earn and
Teith, viewed in connection with certain Proofs
of the Antiquity of Man. Trans, roy. ,oc. Edirib.
26, 149 - 76.
BRUSH, L.M. AMD 8 >LMAN, M.G. (I960) Knickpoint behaviour in non-
cohesive materials; a laboratory study. Geol.
3oo. Am., Bull., 71, 59 - 74
BRYAN, K AND MY, L.L. (1940) Geologic Antiquity of the Lindenmeier
Site in Colorado. Smithsonian JJisc. Collections
99, 76 p.p.
BURKB, M.J. (1966) Ice moulded forms in the Porth valley, unpublished
M.Sc. thesis, University of Edinburgh.
BUTLER, G.G. (1904) Lake Ewart. (Presidential Address) Hist. Ok.
Nats. Club. 19, 97 - 108.
/ CARRUTiflSRS, R.G. (1932) The Geology of the Cheviot Hills. Mem, geol.
Surv.
CARTER, A.V. (1966) Records of wells in the Areas of Scottish one-inch
Geological sheets Peebles (24). Kelso (25). Berwick-
upon-Tweed (26). Haddington (53). Eyemouth (34) and
North Berwick (41 - East Lothian portion). H.S.R.O.
CHALLINOR, J. (1932) River terraces as Normal features of valley
development. Geography 17, 141 - 7«
C'lA IBERE, R. (1848) Ancient Sea Margins. Edinburgh.
CHAMBERS, R. (1949) Personal Observations on terraces, and other proofs
of changes in the relative level of sea and Land in
Scandanavia. nroo. roy. Soc. Edinb. 2, 247 - 8.
CHAUT, J.E. (1930) he role des surfaces polygeniques dans le modeled
Un. Geog, Internet. (I.G.U.) 2nd. Rent. Comm. Pliocene
Terraces. 78 - 82.
GHISHOLM, M. (1967) General systems theory and geography. 'Trans. Inst.
brit. Geogr. 42, 45 - 52.
CHORLEY, R.J. (1958) Aspects of the "orphoi'Qtry of a Polycyclic Drainage
Basin. Geogr. J. 124, 370 - 4
CHGRLEY, R.J. ;i962) Geomorphology and general systems theory. U.3.
Geo1. Survey Pirof. aper 500 - B
CHORLEY, R.J., DUNN, A.J., AND BBCKINSALE, R. . (1964) The History of
the study of Landforas or the Development of Geomorpholo.-y.
Vol. 1 ilethuen, London.
CHORlEY, R.J. AMD RAGGETT, . (1965) Trend Surface lapping in Geographical
Research . Trans. Inst, brit. geo.-r.. 37, 47 - 67
CLA : ERTON, A. (1^3) The glacial geomorphology of the area around
Kelso, unpublished M.A. dissertation, University
of Edinburgh.
CLA PERSON, C.M. (1967) The deglaciation of the East Cheviot area.
Northumberland. unpublished Ph.D thesis, University
of Edinburgh.
CLAYTON, K.M. (1955)a The Glacial Chronology of Part of the Middle
Trent Basin. °roo, Geol, Assoc.. 64 (3)» 193 - 207
CLAYTON, S.M. (1953)b A note on the 25 foot contours shown on the
Ordnance Survey Is25,000 map. Geography 33, 77 - 33.
CLOUGH, C.T. A® GUNN, S. (1895) The Geology of part of Northumberland
including the country between Cooler and Coldstream.
Mem, geol. Gurv.
COLE, A.J., JORDON, C. Ai® KERRIAM, D.F. (1967) Fortran II program
for progressive linear fit of surfaces on a quadratic
base using an I.B.M 1620 computer. Kansas geol.Surv.
Computer Contribution 15.
COMMON, R. (1953) Some Aspects of the Coast South of Berwick. Hist.
Bk. Nats. Club. 32(3), 176 - 9.
COMMON, R. (1954) The Geomorphology of the East Cheviot area. Scott.
geogr. Mag., 71, 124 - 33
COLEMAN, A. (1958) The terraces and antecedence of a part of the
River Salzach. Trans. Inst, brit Geogr.. 25, 119 - 34
COSTER, H. AMD GSRRARD, J.A.F. (1947) A seismic investigation on the
outflow of Windermere Geol. Mag. 84(6), 224 - 8
COSTER, H.P. AI® GERRARB, J.A.F. (1947) A seismic investigation of the
history of the River Rhexdol in Cardiganshire. Geol.
Mag 34(6), 360 - 8.
COTTON, C.A. (1940) Classification and correlation of River Terraces.
Jl. Geomorph. 5(1), 27 - 37
COTTON, C.A. (1941) 'Landscape* (Chapter 13 on River Terraces)
Cambridge.
CRAIG, T. (1874) On supposed Lake or River terraces, near elso. Hist.
5k. Hats. Club, 7, p. 190.
CRONE, D.R. (1961) Notes on terrestrial altiraetry. i'iapire Survey
iV:eview 16, 160 - 5*
CROXTON, F.E. (1959) Elementary statistics with applications in
medicine and the biological sciences. Dover.
DAM, J.D. (I863) Manual of Geology (1st edit) Philadelphia
254
I > (
DAVIS, f.M. (1909) River Terraces In How En -land. in Geogr&phioal
Essays,' 514 - B6 (1954)- Dover reprint.
DAVIS, f.M. (1910) Experiments in Geographical Description. Scott.
mopfT* 'fag.. 26, 5^1 - 86,
/ ✓
DK HRET, C. (1913) Esaai de coordination ehronologique ganerale des
temns quaternaires . C.R. Acad. 3ci., aria. 16?, 418 -
22,
DOCHERTY, J. (1967) Some observations on the dip slope dry valleys
of the Chalk of Worth feat Kent, South Eastern
Ilatural isi and Antiquary.
DURY, G. (1962) Results of Seismic Exploration of Meandering Valleys.
Am. J. 3ci. 260(9), 691 - 706,
DURY, G. (1966) She Concept of Grade, in 'Essays in Geomorpholo. yc.
211 - 34 ed. G. Dury, Heineraan, London,
ADEN, R.A. AMD SMITH, T.E. (1966) A submarine outcrop of Lower
Carboniferous rocks off 3.E. Scotland. Nature 211,
12% - 6.
ECKFORD, R.J. AND IANS0N, S, (1925) Certain glacial phenomena in the
Central Tweed Area, Trans, Cdirib, geol. Hoc.. 11,
308 - 18
LCXF >RD, R.J. AND MANSQN, . (1927) Note on a section of Laminated
Clay and Sand at neidpath, eebles. Trans. Kdinb,
Geo! 5oo.« 12, 141 - 2
1 O.K. (1963) Morphology and hydrology of a glacial stream,
U. . Gsol. Survey rot, -aoer 422 - A
FENNEMAN, N. !. (1905) FLoodplains produced without floods. Am.
Geograph. 3oo., Bull. 38, 89 - 91.
FISK, II. N, (1939) Depositional Terrace Slopes in Louisiana. Jl.
Geomorph. 2, 181 - 200.
FISK, H.N. (1944) Geolo d.cp.1 estimations of the Alluvial Valley
of the Dower issiasipni River. Mississippi River
Commission, Vicksberg,Miss., 73 p.p.
FISK, H. N. (1947) Fine Gr.ij.ned Alluvial Deposits and their Effects
on "Mississippi River Activity. Mississippi River
Commission, Viokaburg, Miss., 32 p.p.
FITTON, H. (1811) Review of Verner's 'New Theory of the formation
of veins.' Ed.in. Rev.. 13, 80 - 97.
FLU!, R. F. (195?) Glacial ana 'laistocene Geolo y. -Viley, ow
York.
'
>ER, A. (1926) The Geology cf Berwick on Tweed, Norham and Soreaerston.
Mem, geol. jury.
2!?!?
PRYE, J.C. AND LEONARD, A.R. (1954) Some problems of alluvial
terrace mapping Am. J. Sol. 252, 242 - 50.
ffiSXKIE, A. (1863) On the phenomena of the Glacial Drift of
Scotland. 'Trans, -eol. Soc. Glasg.. 1(2), 1 -
172.
GB3IKIE, A. (1365) The icenary of 3ootland. (1st. ed.) Mactaillan,
London. 2nd edition, 1837 3rd edition, 1901.
GSIKIE, J. (1874) The Great Ice km, 1st edition.
2nd edition 1877» 3rd* edition 1894* London.
GSIKIE, J. (1876) The Cheviot Hills, in *Good Words*.
GEORGE, T.N. (1955) Drainage in the southern Uplands! Clyde, Nith,
Annan, Trans, teol. 3oc. Glasg.. 22, 1 - 34.
GEORGE, T.8, (I960) The stratigraphleal evolution of the Midland
Valley, Trans. ?eol. coo. Glasg.. 24, 32 - 107
GEORGE, T.N. (1965) The geological growth of Scotland.in *Geology
of Scotland*. 1 - 49, ed. Craig G.Y, Edinburgh
GEORGE, T.N, (1966) Geomorphic Evolution in Hebridean Scotland.
Scott. J. Geol.. 2(1), 1 - 34.
GOODCHILD, J.G. (1893) The Bedshiels Xaims fliat. Bk. Nets. Club..
16, 295 - 303*
GOUGH, D.I. (1952) A new instrument for seismic exploration at very
small ranges. Geophysics 17, 311 - 19.
GREEN, J.P.N. (1936) The Terraces of Southernmost England. Quat. J.
geol. Soc., 92, Iviii - Imcxvlii. (Presidential
Address)
GREENSOOD, G. (1866) Rain and Rivera (2nd edit.) London.
GREGORY, J.W. (1915) The Tweed Valley and its relations to the
Clyde and Solway. .Scott, eo r. Mag.. 31* 78 - 06.
GREGORY, J.W. (1922) The English Eskers. Geol. Mag, 59, 25 - 44.
GREGORY, J. . (1926a) Scottish kame*r- and their Evidence on glaciation.
•Trans, roy, Soc. odi-ib.. 54, 395 - 432.
GREGORY, J.W. (1926b) Scottish 0ruralins. Trans, roy. Soc. Edinb.,
54, 433 - 440.
GREIG-SMITH, P. (1964) Quantitative ■ lant Ecology. London.
GRIGG, D. (1965) The logic of regional systems. Annuls. Assoc. Am.
Geo.tr.. 55, 4^5 -91.
2pb
GRIGG, D. (1966) Re-dona, Models and Classes, in 'Models in
Geography * ed, Chorley R.J, and Raggett P. (1966)
Methuen.
GUNN, 11. (1884) On the Finding of Shells in Boulder Clay near
Berwick-on-Tweed. hist. Bit, flats. Club. X, 540 - 1.
GUM, *. (1995) See CLOUGH and GUM (1895).
GUM, f. (1897) The Geology of Norham and Tweediaouth. den, gool.
3urv»
HACK, J.T. (1957) Studies of Longitudinal Stream Profiles in
Virginia and 'Maryland. U.S. Geol. Survey, rof.
i aper 294 - B.
HALDA D. (1949) Scottiah Sands and Gravels (quarter Inch Sheet 15)
D.S.I.R.
HAbuA , A. (1965) Jurassic, Cretaceous and Tertiary sediments.
in 'Geolo y of Scotland.* 401 - 16 ed. Craig G.Y.,
Edinburgh.
HAMILTON, R.A., RIDDLE, C.A. AM S AR£5, B.I. (1957) Surveying
aneroids: their uses and limitations. Geo or, J. 123,
431 - 493.
HARK, F.X. (1947) The Geoaorphology of art of the Middle Thames.
■'-roc. Geol. Assoc.. 53, 294 - 359.
HARRISON, R.K. AM OTHERS (1966) 'etrolo.-ioal. grrnulometric and
morthoscopic examination of dredged samples from the
Tweed estuary. Min. Transport. Highways Engin. Lab.
and the Inst, of Geol. Sciences.
HAYES, G.E. (1339) Remarks on the geology and topography of western
•Jew York. Am, J. 5oi.. 35, 86 - 105.
HITCHC C ., E. (1933) Report on the Geology of Massachusetts.
Amherst.
HJULSTRjI, F. (1952) The Geomomhology of the Alluvial Outwash
Plains of Iceland and the echanics of braided rivers.
-roc. XVI1 Confess. I.G.U. tashin.-ton.
HOBSOfi, R.D. (1967) Fortran IV programs to determine surface
roughness in topography for the CDC 3400 computer.
■-ansa3 eol, Surv., Computer Contribution 14.
HGBSON, G.D. AND C0LLETT, L.3.(I960) Some observations with a
hammer seismograph. Canadian Sin. Met. Bull. 53,
674 - 81.
HOLMEj, A. (1964) hysical (Geology. Nelson, London.
H ).l sis G.3. A-JD MOSS, J.H. (1955) . leiatocene geology of the south¬
western <ind River Mountains, Jyoaing. Geol. ac. Am.
Bull., 66, 629 - 54.
257
HO N, G. {1963) Subglacial oedinentation, with examples from
Northern Sweden. Gsogr. Ann.» Stockh.. 45* 41
- 51.
HOJARTH, R.J. (1967) Trend surface fitting to random data - an
experimental test. Am. J. Sci. 265, 619 - 25.
HOYT, ». G. A!® LANOBSIN, ».B, (1955) Floods. Princeton.
ilUTCHI JG3, G.E. (1964) The ''ole Basin: a geomorphological study
of the North Downs and the "/eald. Guide to
London Excursions, 73 - 32. 20th 1.0. Con/mess.
London. 1964.
JANES, S.R. (1966) Fortran IV program using double Fourier series
for surface fitting of irregularly spaced data.
Kansas geol. 3urv« Computer Contributions. 5*
JAMBS, W.R. (1967) Nonlinear models for trend analysis in .geology.
in 'Colloquium on Trend Analysis' ed« Merriam and
Cocke. Kansas -eol, ourv.. Computer Contribution
11'
JAMIE30N, T.F. (1363) On the Parallel Roads of Glen Roy and their
Place in the History of the Glacial Period, ffuat.
J. geol, doc.. 19# 235 - 59.
JA IKHINDIKAR, 3. (1967) Sedimentary characteristics of Pleistocene
Deposits, Neosho River Valley, Southeastern Kansas.
Kansas geol. Surv. Bulletin 137, Part 5, 1 - 13«
JELGBR3MA, 3. (1966) Sea-level changes during the last 10,090 years.
in ' .'orld Climate from 8.090 to O.B.G.' - Proceedings
Int. Symposium, London 1366, 54 - 71 (Roy. fet. Loo.,
London.)
JOHNSON, D. (1944) Problems of Terrace Correlation. Geol. 3oc. An.,
Dull. 55, 793 - 819.
JOHNSON, R.B. (1954) Use of the refraction seismic method for
differentiating Pleistocene Deposits ir the Areola
and Tuscola Quadrangles, Illinois. 113inois State
geol. Surv. Rept. No. 176, 59 p.p.
JOHNSTON, J. (1963) Econometric vasthods. New York.
JONES, O.T. (1924) The Upper Towy Drainage System, guat. J. gaol. Soc.
80, 568 - 609.
JUEu, S. (1966) A study of terrace topography of the Musa shino
Upland along the Tama River - an instance of cal¬
culating the tilting-quantity of the terrace plains.
Oeaoirs, Defense Academy (Japan), 6(2), 133 - 255*
KID30N, C. (1962) Denudation chronology of the River Exe. Trans Inat.
brit, Googr.. 31, 43 - 66,
253
KIMBAL, G.AMD 4BUNER, F.E. (1945) Tlie terraces of the Upper Rhine
and the age of the Magdalenian. Ooc. Papers. Univ.
London, Inst. Archeol. 7, 32 p.p.
KIRBY, R. . (1966) The glacial geomorohology of the Ksk basin.
Edinburgh Univ. ^h.D., Unpublished.
KRIGSTROfl, A. (1962) Geomorphologieal studies of sandur plains and
their braided rivers in Iceland. Geogr. Ann.. Jtockh..
34, 329 - 46.
KRUMBEIN, V.'.C. (1956) Regional and looal components in facies maps.
Am. Assoc. etrol. Geol.. Bull. 40(8), 2163 ~ 94.
KRUMBEIM, 7.C. AND GRAYBILL, P.A. (1965) An introduction to statistical
models in meology. MoGraw - Hill.
LACAI .IiE, A.D. (1954) "The Stone Age in Gotland." Chapter 6,
'"leaolithic Settlement in the North Sea Basin of
Sootland. ♦ Sellcome Historical Nodical Museum, 'Jew
Series, 6.
LAMOTHE, L. De. (1918) Lea anoiennes nappes alluviales et lignes
de Rivage du ba3in de la Somme et leurs rapports aveo
celles de la Te'd iterranee occidentale. Bull, hoc.
gdol. Prance. 4(18), 5 - 58.
LAUDER, T.D. (1330) An account of the great floods of August 1329
in the province of Moray and the adjoining districts.
Edinburgh.
LAflS, D. (1966) The Geoaomhology of the Upper Terse, unpublished
Pi. A. dissertation, University of Aberdeen.
LEARMONTH, A.T.A. (1950) The Floods of 12th August 1943 in S.E.
Scotland. Scott. georr. -ag.. 66(3 - 4), 147 - 53
LEE, P.J. AND MIDDLBTON, G.V. (1967) Application of oanonieal
correlation to trend analysis, in 'Colloquium on
Trend Analysis.' ad. "!ei*riam and Cocke, Kansas
geol. Surv., Computer Contribution 19.
LEOPOLD, L. AND LANGBKID, T.B. (1962) The concept of entropy in
landscape evolution. U.S. Geol. Survey Prof, 'ar>er
5O0 - A.
L.J OLD, L., «fOLMN, M.G. AND MILLER, J.P. (1964) Pluvial Processes
in Geomorahology. Freeman.
; 13, J.V. (1944) Stream trough experiments and terrace formation.
Geol. Mag.. 34, 241 - 53.
LINTON, D.L. (1933) The Origin of the Tweed drsiia e system. Scott,
geogr. 'lag.. 49, 162 - 75.
259
LINTON, D.L. (1934) On the former connection between the Clyde
and Tweed. Scott. georr. Mag.. 51(1), 7 - 14.
LINTON, D.L. (1951) Problems of Scottish Scenery. Scott, georr.
Mag.. 67, 65 - 95.
LOUDON, T.V. (1967) The use of eigenvector methods in describing
surfaces, in Colloquium on Trend Analysis ed. Merriam
and Cocke. Kansas geol. Surv., Computer Contribution
12.
MACCULLOCH, R. (1917) The Parallel Roads of Clen Roy. Trans. Geol.
Soc« Lond., 1st series, volume 4.
SACHIDA, T. (I960) Geomorphological Analysis of Terrace Plains -
Pluvial Terraces along the River Xuji and the River
Ara, Kanto District, Japan. Science Reports of the
Tokyo Kyoiku Dajgaku oection C. 7^4). 1 - 59.
MACKIN, J.H. (1957) Erosional History of the Big Horn Basin. Cool.
3oc. Am. Bull., 49, 813 - 93.
MA0K2NDER, H. (1902) Britain and the British ->eas. London.
MAMDELBAUM, H. (1966) Comments on a paper by D.P. Merriam and P.
Sneathj '-iuantitive comparison of contour maps.*
J. Geophysical Res. 71(19), 4451 - 2.
MARTIN, A. (1963) Les depots fluvio-glaciaires de Bas-Dauphine;
leurs mineraux argileux leur radioactivite. Bull.
3oc. Geologique de France. Ser, 7» 5(4), 539 - 40.
McCUNNES, L.D. AND KE ''TON, J.r>. (1961) Integrated seismic, resistivity
and geologic studies of glacial deposits. Illinois
State Geol. 5urv. Ciro. 323 p.p. 3 - 25.
MqINTIRE, D.B. (1967) Trend surface analysis of noisy data-in 'Colloquium
on Trend Analysis.* ed. Merriam and Cocke. Kansas fteol.
Survey. Computer Contribution 12.
MEARN3, REV. P. (1866) The Kaim at .'ark, on the Tweed. Hist. Bk. Nats.
Club.. 5, 224 - 32.
MERRIAM, D.F. (1966) Editors remarks in *A generalised two-dimensional
regression procedure' J.R. Deapsey. Kansas ^eol. tirv.
Computer Contribution 12.
MKRRIAJ, D.F. AND SHEATH, . (1966) .quantitative comparison of contour
mans. J, Geophysical Res.. 71(4), 1105 - 15.
MILLER, H. (1983) River terracings Its methods and their results.
"roc, rpv. hys. doc. Kdinb., 7, 263 - 396.
MILLER, S.L. (1964) Comparison - analysis of trend mans. .Stanford
Univ. ubl. Geol. 5ci.. 9(2), 669 - 85.
260
MILNE HOME, D. (1839) Notice respecting1 the Depletion or Drying
Up of the Rivers Teviot, Nith end Clyde on 27th.
Nov, 1338. Trans, rov, Soc. Edihb.. 14, 449 - 66.
MILNE HOME, D. (1347) On the parallel roads of Lochaber, with
remarks on the change of relative levels of sea
and land in Scotland, and on the detrital deposits
of that country, f'roc. roy. doc. Edinb., 2, 124 -
5, 132 - 3.
MILNE HOME, D. (1365) Geological Observations on St. Abbs Head, made
at the meeting there in June, I865. Hist. 3k. Nats.
Club., 5, 221 - 2.
MILNE HOME, D. (1875) Notice of High-Water Marks on the Banks of the
River Tweed and some of its Tributariesj and also of
Drift Deposits in the Valley of the Tweed. Trans,
roy. Soc« Sdinb.. 27» 513 ~ 62.
/MILNE HOME, D. (1835) Ed, Collected Reports of Boulder Committee of
Royal Society of Edinburgh. Edinburgh.
MONTEFI )RE, A.C. AND WILLIAMS, ;f.M. (1955) Determinism and Possibilisra.
Geoff. Studies. 2(1), 1 - 11.
MOONSY, H.M. AID) KAA3A, R.A. (1953) A new refraction seismograph.
The Review of Scientific Instruments. 29(4).
MORONEY, M.J. (1956) Facts from figures. Pelican.
JULHOLLAND, H. (1366) On rehistoric sites in the Tweed Basin.
unpublished M.A, dissertation. University of Edinburgh.
NGRD8SCK, 3. (1964) Framstallning av kartor med hjalp av siffenaaskiner.
Meddn. fran Lunds Univ. ■eo t. Inst.. Avh.. 40, 1 - 99*
O'CONNOR, D. (1957 and 1950) 'The use of sensitive pressure devices in
surveying. Empire Survey Review 14 (in several
sections).
OGILVIS, A.G. (1951) in 'Scientific Survey of South-Eastern Scotland.'
ed, A.G. Ogilvie, Rent. brit. Assoc., Edinburgh.
0JKANGA3, D.R. AND BASHAM, W •L • (1964) Simipllfied computer contouring
of exploration data. Stanford Univ.. ub. eol. 3ci.«
9, 757 - 70.
0'LEAKY, M., LI 'ERT, R.H. AND SPITE, O.T, (1966) Fortran IV and map
program fir computation ana plotting of trend surfaces
for degrees 1 through 6, Kansas geol. >urv.. Computer
Contribution 3.
A }■ o, A. (1066) Some nsoects of the glacial geonorphology of north
eastern Northumberland, unpublished M.Se. thesis,
University of Leicester.
261
EACH, B.N. AND HQRNE, J. (1933) Chapters in the /geology of Scotland.
London.
PEEL, R.F. (1941) The North Tyne Valley. Geo r, J. 98, 5 - 19.
PEEL, R.F. (1949) Geomorphologlcal Field #ork with the aid of
Ordnance Survey mans. Geogr. J. 114, 71 - 75 •
PEEL, R.F. (1966) Some geoaomho1ogica1 aspects of the Tyne draina;"®
system, in *Northern Geographical Essays.* 227 - 40
ed. J.f» Rouse.
i-ENCK, A. AND BRUCKNER, E. (1909) Die AToen in Biazeitalter. Leipzig.
PENNY, L.F. (1964) A review of the Last Glaeiation in Great Britain.
?roc. Yorks. Geol. Soo. 34» 307 - 411.
PLAYFAIR, J. (1802) Illustrations of the Huttonian Theory of the
Earth. Edinburgh.
POiifERS, SJ.E. (1962) Terraces of the Hurunui River, New Zealand.
Hew Zealand -J. of Geol. £ Geophysics. 5(1)» 114 - 29
PRICE, R.J. (I960) Glacial aeltwater channels in the Upper Tweed
Drainage Basin. Geogr. J. 126, 433 - 39.
PRICE, R.J. (1961). The Deglaciation of the Tweed Drainage Area
#est of Innerleithen. Edinburgh Univ. Ph.D.,
unpublished.
PRICE, R.J. (1966) Eskers near the Casement Glacier Alaska. Geogx.
Ann. Stookh.. 40(A), 111 - 125.
RINGLE, J. (1948) South of Scotland. British Regional Geologies.
PUTNAM, W.C. (1942) Geomorphology of the Ventura region, California.
Geol. Soo. Am., Ball. 53, 691 - 754.
RAGG, J.M. (I960) The soils around Kelso and Lauder. H.M.S.0.
RAGG, J.M. A;© BIBBY, J. (1966) Frost weathering and solifluotion
products in southern Scotland. Geogr. Ann. Stockh..
43, 12 - 25.
RAO, S.V. AND SRIVASTAVA, G.3. (1967) Comparison of subset trend
surfaces by utilization of information theory,
in Colloquium on Tims - Series Analysis ed. Merriam
D.F. Kansas geol. Surv., Computer Contribution 18.
RAYHSR, J.N. (1967) Correlation between surfaces by spectral methods.
in Colloquium on Trend Analysis ed. Herriam and
Cocke. Kansas geol. ourv. Computer Contribution 12
READ, J.A. AID DEAN, J.M. (1967) A quantitative study of a sequence
of coal bearing cycles in the laraurian of Central
Scotland, 1. Sedimentology, 9(1967), 137 - 56.
262
RIC3, R.J. (1957) Some Aspects of the Glacial and Post-Glacial
History of the Lower Goyt Valley, Cheshire. roc.
Qeol. Assoc.. 68(5), 217 - 27.
ROBINSON, A.H. AND BRY3QN, R.A. (1957) A method for describing
quantitatively the correspondence of geographical
distributions. Annals. Assoc. Am. Jeo -r.. 47,
579 - 591.
/ROCK aSCHANICd (1967) Investi-nation of dan sites for Edinburgh
Corporation.
ROSE, J. (1964) An outline of the morphological evolution of North
Cleveland, unpublished B.A. dissertation, University
of Leicester.
ST. CLAIR, D. (1957) Correlation of River Terrace Remnants. Science.
86, 399 - 400.
3KALY, K.R. AND SEALY, C.E. (1956) The Terraces of the Middle Thames.
Proc. Geol. Assoc.. 67(4), 369 - 92.
SHELLS, X.A.G. (1964) The geological structure of northeast Northumber¬
land. Trans, roy. >00. Edinb.. 65, 449 - 81.
3HIELL3, K.A.G. AND DEARMAN, i.ft. (1966) On the possible occurrence
of Dalradian rocks in the Southern Uplands of Scotland.
Soott. J. Geol. 2(3), 231 - 42.
3H9TT0N, P.®. (1953) The Pleistocene deposits of the area between
Coventry, Rugby and Leamington and their bearing upon
the topographic development of the Midlands. Phil.
Trans, roy. Soo. Lond. B., 237, 209 - 60.
SHOTTON, P.®. (1966) The problems and contributions of methods of
absolute dating within the Pleistocene period.
(Presidential Address) /uat. J. Ged. Soo.. 122, 357 -
83.
SISSORS, J.B. (1953) Supposed ioe-daamed lakes in Britain with
particular reference to the Bddleston valley, southern
Scotland. Geogr. Ann, .'tookh.. 40, 159 - 87.
SIS3GNS, J.B. (1962) A Re-interpretation of the Literature on Late-
Glacial shorelines in Scotland. Trans. Edirib. col.
>oc.. 19, 83 - 99.
SI3S0N3, J.B. (1066) Relative se^-level changes between 10300 and
8300 B.P. in pert of the Carso of Stirling, Trans.
Inst, br-it. Geogr.. 39, 19 - 29.
SI330N3, J.B. (1967)a The Evolution of Gotland's Soenary. Oliver
& Boyd, Edinburgh,
SISSONS, J.B. (196?)b Glacial stages and radiocarbon dates in Gotland.
">cott» J. Geol.. 3(3), 375 - 81.
263
SI3S0NS, J.B. (1967c) in Reports of Discussions and Symposia
Trans. Inst, brit. Geof?r.. 42, p. 181.
SISSOHS, J.B., CULLINGFORD, R. A® SMITH, D.B. (1966) Late-glacial
and post-glacial shorelines in South-Bast Scotland.
Trans, Inst, brit. Geogr.. 39, 9 - 18.
SIS30BS, J.B. A® SMITH, D.J3. (1965) Raised shorelines associated
with the "erth Readvance in the Forth Valley and
their relation to Glacial Isostasy. Trans, rov.
3oo. Edinb. LXVI,143 - 63.
SMITH, D.B. (1965) Late and post-glacial chan-63 of shoreline on
the northern side of the Forth valley and estuary.
Unpublished Ph.D thesis, University of Edinburgh.
SMITH, D.B. SIS30HS, J.B. AMD CULLXMGFOBD, R. (1969) Isobases for
the Main Perth Raised Shoreline in 3outh-Sast Scotland
as determined by trend-surface analysis. Trans.
Inst, brit. Geogr., 46 (in press)
SMITH, J. (1929) The Geology of the Sildon Hills. Hist. Bk. Hats.
Club. 27, 64-8.
SMITH, T.E. (1967) A preliminary study of sandstone sedimentation
in the Lower Carboniferous of the Tweed Basin. Scott.
J. Geol.. 3(2), 232 - 305.
SMYTHS, J.A. (1912) The Glacial Geology of Northumberland. Trans.
flat. Hist, doc, of florthld. £ Durham. M.S. 4, 86 - 116.
30MERVAIL, A. (1918) Disused River Beds of Border Rivers. (Presidential
Address) Hist. Bk. Hats. Club. 23, 415 -21.
SPARKS, B.W. (1953) Effects of leather on the determination of
heights by aneroid barometer in Gt. Britain. Geogr.
J. 119, 73-80
SPEIGHT, R. (1907) Some aspects of Terrace development in the Valleys
of the Canterbury Rivers. Trans, N.4. Inst.. 40, 16-43
STEPHENS, M. AND SYJKJE, P.M. (1966) Pleistocene shorelines, in Essays
in Geomombology ed. G. Dury. Heinemann.
STEVENSON, J, (1964) On Bedshiels *Kaims', and their relation to
similar deposits to Eastward and Westward. Hist. Bk.
Nats. Club. 5, 124 - 9.
STEVENSON, (1874) On Evidences of Ice-action in Berwickshire *
Hist. Bk. Nats. Club.. 7, 203 - 11.
STEVENSON, A. (1396) Notes on the Geology of the Upper Vale of
Thitadder. Hist, Bk. Nats. Club. 16, 53 - 65.
264
STRAW, A. (1966) The development of the Middle and Lower Bain
Valley, East Lincolnshire. Trans. Inst, brit.
Geo.Tr.. 40, 145 - 54.
SUNDBORG, A. (1956) The River Klaralven: n study of fluvial
processes. Oeogr. Ann. Siockh.. 53, 127 - 316.
SYNC2E, P.M. AND STEPSENS, M. (1966) Late and Post-glacial Shore¬
lines, and Ice Limits in Argyll and North-east
Ulster. Trans. Inst. Brit, Geogr. 39, 101 - 25
also in discussion, volume 42, p.173.
TARR, R.3. AID MARTIN, L. (1912) Efforts to control a Glacier
Stream. Annals. Assoc. Am. Geogr.. 2, 25 - 40.
TATE, G. (1365) Records of Glaciated Rocks in the Eastern Borders.
Hist. Bk, Nats. Club. 5, 236 - 41.
THOMAS, M.F. (196l) River Terraces and Drainage Development in the
Reading Area. roo< Geol. Assoc.. 72(4), 415 - 36
TOHLISSON, M.K. (1925) River terraces of the lower valley of the
Warwickshire Avon, ,uat. J. geol. Poo.. 31, 137
- 69.
TQUL':IN, S (1962) The Philosophy of Science. Grey Arrow,
TfffiCHMAN, C.J. (1931) The Scandanavian Drift or Basement Clay on
the Durham Coast. roc. Geol. \3g00.. 42, 292 - 94.
TRICART, J. (1961) Observations sur le oharriage des materiaux
grossiers par les cours d'eau. Rev. Geoaoroh.
dynaa. 12(1), 3 - 15»
TYuOR, A. (1868) On the Amiens gravel. Quat. J. geol. 3oc.. 24,
103 - 25.
TYLOR, A. (1875) Action of denuding agencies. Geol. -.tag., N.S.
Deo. 2, 2, 433 - 73.
VOLNBY, C.F. de (1304) A View of the oil and Climate of the United
.Jtaxes of America. London and Philadelphia.
WALTON, B.K. (1965) Lower Palaeozoic rooks - palaeogeography and
structure, in *Geology of Scotland1, 201 - 27
ed. Craig G.Y, Edinburgh.
WATERST N, C.D. (1965) Old Red Sandstone, in 'Geology of Scotland*.
269 - 303, ed. Craig G.Y., Edinburgh.
.ILLS, L.J. (1924) The development of the Severn Valley in the
neighbourhood of Iron Bridge and Bridgnorth, puat.
J. geol. "he., 30, 274 - 314«
WILLS, L.J. (1939) Pleistocene Development of the Severn from
Bridgnorth to the sea. qiat. J. geol. Uoo., 94,
161 - 242.
265
WISSMAN, H. von. (1952) On River Sanation. Proc. 8th I.O.U.
(Washington), 599 - 405•
WOLMAN, M.G. AND LEOPOLD, L.B. (1957) River floodplains: some
observations on their formation. U.S. Geol.
Surv.. Prof, ''aoerg. 232C, 87 - 107.
WOODFORD, A.O. (1951) Stream gradients and Monterey sea valley.
Geol. Soc« Am. Bull.. 62, 799 - 852.
SOOLDRIDGE, 3.>/. AND LINTON, B.L. (1955) Structure. Surface and
Draina e in South East England, ^hilios, London.
BRIGHT, W.B. (1914) The Quaternary Ice Age. 1st. ed. 2nd, ed.
1957. London.
YATES, E.M. (1965) The Development of the Rhine. Tran3. Inst.
brit. Geofcr,. 52, 65 - 81.
On the Longitudinal Profile of the Graded River.
Trans. Am. Geoshy3. Un. 56, 655 - 65.
Rock control in gBomorahology. Soaosha, Tokyo,
135 p.p.
On the former existence of Glaciers in the High
Grounds of the South of Scotland, ar* fc. J. geol.
Soo., 20, 452 - 62.
ZACWIJN, ff.H. (1965) Pleistocene stratigraphy in the Netherlands,
based on changes in vegetation and climate.
Verhandelingen van het Koninklilk tlederlands
gsologisch ai.1nbouvkundi r genootschap. Trans.
Jubilee Convention. 175 - 96.





Appendix I (a) Levelled snot heights on terrace fragments.
The following 10,700 spot levels were obtained using a Hilger and
datts Autoset level and staff, traversing from and to Ordnance Survey
bench marks as described in Chapter 3. fhe maximal permitted closing
error was 0.5 feet and all errors were distributed throughout the traverse.
Heights are listed under each fragment in the following format which is
repeated twice across each pages
8 Figure National ifeight deight
Grid Referenee (in feet) (in metres)
In all cases the terrace fragment heights fall within the 100
kilometre square NT| heights, except where followed by L(= Liverpool
datum), are refered to Ordnance Datum or mean sea level at Newlyn.
Spaces within each fragment indicate the begining of a second line of
heights on the same fragment. All conversions of height from feet to
metres were carried out using a conversion factor of 0,3048 and in each
case the resultant vslue was rounded off, oorrect to the nearest 5
centimetres.
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Jp 1 0544 1759 1072.3 326.35
0541 1763 1071.4 326.55
0555 1755 1106*6 537.20 0539 1760 1071.5 326.60
0551 1760 1103.6 536.40 0529 1759 1074.4 527.50
0550 1765 1090.9 555.20 0532 1762 1072.4 326.35
05l 4 1767 1099.3 335.05 0555 1766 1069.6 326.00
0549 1769 1090.9 332.50 0539 1770 1066,6 32% 10
0550 1773 1099.0 351.95 0537 1775 1065.5 324.75
0549 1777 1099.3 331.95 0536 1730 1065.3 324.10
0550 1700 1096.4 351.15 0535 1795 1060.9 523.35
0547 1793 1091.5 529.65 0530 1735 1060.6 323.25
0534 1700 1059.7 323.00
0562 1766 1105.1 336.85 0534 1795 1057.3 322.40
0550 1769 1100. 9 333.50 0534 1900 1056.7 322.10
0555 1771 1095.9 354.00 0533 1304 1055.0 321,55
0552 1774 1091.5 332.70 0532 1809 1052.7 320.95
P 2 JLJL
0527 1752 1090.1 335.00 0537 1799 1059.4 322.90
0531 1754 1097.0 354.35 0557 1795 1057.7 322.40
6533 1751 1096.5 534.15 0537 1797 1056.5 321.95
0557 1802 1054.4 521.40
JUL 0539 1806 1053.6 321.15
0540 1811 1053.0 320.95
0549 1755 1072.6 326.95 0540 1916 1050.9 320.30
0547 1760 1072,5 326,90
0544 1764 1070.2 326.20 1, 10,
0542 1769 1067.9 525.50
0540 1m 1066.5 325.05 0532 1313 1060.4 323.20
0543 1774 1067.0 325.20 0533 1316 1059.3 322.35
0539 1779 1065.5 324.75
0533 1795 1063.0 524.00 £J&
0559 1799 1061.8 323.65
0547 1315 1050.0 520,30
JUL 0546 1918 1051,2 320.40
0551 1920 1048.9 519.70
0545 1749 1094.1 350.45
0543 1753 1092,5 329.95 F 1?
0540 1756 1090.3 329.30
0555 1759 1079.9 329.15 0535 1016 1052.8 320.90
0536 1921 1050.6 320.20
p 5, 0539 1924 1049.5 319.60
0539 1323 1047.3 319.35
0556 1779 197 .3 329,95 0539 1933 1046,5 319.95
0554 1703 1076.2 328.05 0538 1033 1044.9 313.45
0552 1700 1073.0 327.05
0550 1703 1070.0 326.15 T 13
0547 1797 1066.5 325.05
0543 1795 1065.2 324.65 0545 1920 1045.0 319.50
0539 1793 1065.2 324.05 0549 1123 1042.3 517.70
0539 1799 1061.0 323.40 0550 1929 1040.7 317.20
0551 1935 1039.0 316.70
P 6 0550 1833 1036.7 316.00
0555 1339 1036,9 316.00
0540 1750 1074.3 327.60 0549 1943 1035.2 515.55
0546 1755 1073.5 327.20 0549 1343 n?3.4 315.00
0543 1853 1032.2 314.60 0525 1371 1060.2 323.15
0524 1876 1059.2 322.35
F 14
P 23
0541 1820 1044.1 319.25
0563 1076.20544 1324 1043.2 317.95 1923 329,05
0545 1350 1041.5 317.45 0566 1926 1076.4 528.10
0544 1835 1039.6 316.35 0565 1929 1077.9 523.55




0553 1343 1034.0 315.45 0549 1891 1025.3 312.50
0551 1953 1034.1 315.20 0549 1836 1023.4 311.95
0549 1957 1033.6 315.05 0546 1990 1021.9 311.50
0544 1995 1020.1 310.95
P 16 0542 1899 1018.8 310.55
0540 1904 1017.6 510.15
0537 1341 1041.5 317.45 0539 1903 1016.1 319.70
0537 1346 1040.8 317.25 0537 1913 1015.1 309.40
0556 1850 1039.0 316.70 0536 1919 1014.2 309.15
0534 1954 1038.7 316.60
0536 1359 1035.9 315.75 P 25
0540 I960 1035.0 315.45
314.350552 1945 1031.4
P 19 0557 1943 1032.9 314,95
0561 1940 1037.9 316.35
0550 1933 1025.9 312.70 0554 1950 1027.7 313.25
0543 1937 1024.1 512.15 0556 1955 1026.0 312.70
0547 1991 1022.5 311.65 0559 I960 1023.8 312.05
0547 1395 1021.7 311.40 0560 1965 1021.6 311.40
0546 1899 1020.6 311.10 0561 1969 1020,1 310.95
0545 1903 1019.6 310.75
P 260544 1908 1016.4 309.90
0545 1912 1015.4 309.50
320.550542 1917 1013.9 509,00 0525 1898 1051.7
0543 1922 1012.6 503,65 0529 1900 1046.1 318.85
0547 1922 1011.8 509.40 0530 1996 1045.3 518.60
0544 1926 1011.3 308,25 0533 1901 1042.9 317.90
0546 1950 1009,5 307.70
0547 1933 1008.5 307.40 P 27
P 20 0550 1945 1005,2 506,40
0549 1950 1004.2 506,10
0540 1963 1055.3 315.55 0549 1955 1004.6 506.20
0542 1967 1053.5 315.00 0549 I960 1003.8 305.95
0545 1371 1030.7 514.15 0549 1965 1001.4 505.25
0544 1975 1030,9 314.20 0551 1968 1000.7 305.00
0543 1379 1029,1 315,65 0556 1971 999.1 304.55
3541 1995 1027.9 513.30 0560 1974 998,6 304.35
0561 1982 996.8 303.90
F 21 0560 1986 996.3 30^. 6*.
0558 1989 994.9 303.20
0554 1932 1033.3 316.65 0556 1993 993.0 302.65
0560 1994 992.5 502.50
P 22 0555 1993 992.1 302.40
0556 2002 990.0 301.75













































991.1 302,10 0539 2123 953.9 290.75
984.5 300.10 0593 2125 952.3 290.40
p 54
1029.7 313.35 0543 2002 1021.0 311.20
1023.4 313.45 0550 2006 1020.3 311.00
1027.5 313.20 0551 2010 1013,1 310.30
1027.8 313.25 0546 2011 1019,0 310.60
0553 2014 1016.8 309.90
' | 0554 2019 1016.3 309.75
979.4 293.50 * 35.
979.3 293.50
977.3 297.90 0615 2145 953.0 290.45




971.1 296,00 0549 2023 1001,5 305.25
969.4 295.45 0555 2026 994,6 305,15
966.3 294.55 0556 2030 992,6 302.55
965.7 294.35 0555 2034 990.1 301.80
964.3 293.90
962.5 293.35 p 37
0611 2145 943.7 289.15
0614 2143 946.9 289.60
1012.0 308,45 0617 2151 944.4 237.85
1010.8 308.10 0619 2148 946.3 288.45
1009.5 307.70 0621 2153 943.7 287.65
1006.3 506.35 0625 2154 941.7 237.05
1006.2 506,70 0629 2156 940.6 236,70
1005.3 506.55 0633 2158 939.0 286.20
1003*2 305.30
1001*4 305.25 p 39
1000.9 305.05
9 !9.5 304.65 0626 2150 946.6 289.50
999.3 304.60 0630 2153 944.7 237.95
997.6 304.05 0633 2156 945.6 237.60
996.5 303.75 0637 2159 939.6 296.40
996.4 303.70 0640 2162 939.4 236,00
904.6 303.15 O644 2165 936.9 235.55
995.1 302.70 0647 2163 933.3 294.45
992.2 302.40
p 40 1
0561 1013 933.8 301.40
993.5 304.35 0563 1917 987,1 300.35
999.3 304.55 0 64 1921 .935.4 300.35
1000.3 304.90 0565 1926 936.0 300.55
0561 1930 933.3 299.35
0560 1934 981.0 299.00
959.3 292.40 0560 1933 979.3 293.65
953.9 292.25 0556 1933 931,0 209.00
953.0 292.00 0562 1938 ,979.4 298.50










































976.7 297.70 0645 2170 937.7 235.30
976.1 297.50 0649 2173 933.2 235.95
972.6 296.45 0652 2177 933.0 235.90
970.1 295.70 0655 2191 933.3 236.00
968.5 295.20
967.1 294.75 F 47
966.7 294.65
966,0 294.45 0680 2168 964.9 294.10
963.9 293.90 0679 2172 960.0 292.60
962.3 293.45 0677 2176 955.7 291.30
961.3 293.00 0676 2130 952.3 290.40
959.6 292.50 0675 2193 950.4 239.70
960.5 292.75 0672 2199 943,8 239,20
959.5 292.15 0675 2190 947.6 293.35
953.2 292.10
F 49
0673 2192 927.9 282.30
975.9 297.45 0677 2194 926.4 232.35
972.2 296.35 0631 2197 924.7 291.05
968.5 295.20 0635 2199 922.5 231.20
966.6 294.60 0689 2201 920.2 280.50
965.6 294.30 0691 2206 913.2 279.35
972.8 296.50 0693 2210 917.1 279.55
P 49
954.5 290.95 0607 2181 957.7 295.30
953.6 290.65 0634 2184 936.1 235.30
951.7 290.10 0692 2137 932.5 294.25
950.7 239.75 0690 2191 929.1 233.20
949.3 299.50
949.1 299,30 P 50
946,6 233.50
945.0 239.05 0704 2213 913.9 230.05
0709 2219 917.0 279.50
0714 2220 915.8 279.15
0719 2222 914.6 273.75
989.9 301.70 0722 2224 913.2 278.35
933.6 299. <30 0726 2226 911.6 277.35
974.9 297.15 0730 2223 9o9.5 277.20
0754 2231 908.3 276.35
0733 2235 906.6 276.35
0741 2238 905.2 275.90
939.3 236.45 0745 2241 904.3 275.65
937.4 235.70 0743 2245 903.7 275.45
935.2 2S5.05 0751 2243 399.9 274.30
933.4 234.50 0743 2252 899.7 274.25
932.4 234,20 0753 2351 997.5 273.55
0752 2256 396.0 r\rr-r 1 aJ
0750 2260 394.2 272.55
MO. 6 236.70 F 51
959.2 236.25
0694 2193 944.1 237.75
0633 2195 946.2 213.40
0692 2197 945.7 233.25
939.9 206.50 0696 2199 944.5 237.90
0699 2196 944.3 237.90 0797 2291 382.9 269.10
0694 2202 944.2 237.30 0800 2294 880.3 263.30
0699 2202 942.6 237.30 0303 2297 377.6 267.50
0702 2205 933.0 235.90 0306 2300 376.7 267.20
0705 2208 935.9 235.25
I 59
P 52
0755 2240 909.6 277.25
0735 2230 905.8 276.10 0752 2242 908.2 276.80
0739 2233 903.8 275.50 0754 2245 904.5 275.65
0742 2236 902.1 274.95
0745- 2240 900.3 274.55 P 60
P 53 0312 2310 836.2 270.10
0316 2312 334.7 269.65
0712 2207 930.9 283.75 0320 2315 332.4 263.95
0717 2209 927.4 232.65 0324 2317 330.6 263.40
0323 2319 373.6 267.30
P 54 0332 2321 876.3 267.25
0356 2323 373,6 266.25
0765 2276 887.5 270.50 0340 2325 373.2 266.15
0769 2277 986.4 270.15 0345 2323 371.5 265.55
0774 2273 335.3 269.35 0846 2330 370.0 265.20
0770. 2279 834.5 269.55
0782. 2281 381.8 263.75 F 61
P 0703 2112 919.4 280.25
0703 2212 917.5 279.65
0752 2220 950.8 239.80 0707 2213 915.3 279.00
0750 2223 949.2 289.30 0712 2215 914.1 273.60
0747 2225 946.9 283.60 0717 2217 912.9 273.25
0745. 2228 943.7 237.65 0722 2221 912.0 273.00
0741 2226 943.3 287.50 0727 2223 911.1 277.70
0738 2224 942.9 237.40 0751 2225 910.3 277.45
0735 2221 946,6 233,50 0755 2227 909.3 277.15
0753 2229 907.4 276.60
P 56 0741 2231 907.0 276.45
0744 2234 905.7 276.05
0787 2294 952.4 234.20 0747 2237 905.3 275.50
0791 2297 930.1 283.50 0750 2240 901.5 274.80
0794 2300 927.2 232,60
P 62
P 57
0325 2315 371.0 265.50
0761 2212 950.0 239.55
0760 221.5 947.7 283.35 P 63
0758 2219 946.3 288.45
0755 2222 941.5 236.95 0762 2235 939.6 236.40
0754 2225 933.6 286.10 0760 2238 933,7 236.10
0752 2228 937.1 235.65 0753 2242 956.1 235.50
0750 2232 935.5 235,15 0755 2246 935.8 235.25
0751 2237 933.5 234.55 0757 2247 932.9 284.35
0760 2249 930.7 233.70
P 5>3 0763 2252 928.3 282.95
0765 2249 930.4 233.60
0795 2287 334.0 269.45 0766 2255 926.5 282.40
272
0770 2258 922.7 281.25 0765 2267 904.6 275.70
0773 2261 921.1 280.75
0777 2263 921.1 280.75 F 68a
0701 2265 919.2 290.15
0734 2268 918.4 279.95 0856 2324 854.5 260.45
0737 2270 919.3 230.20 0361 2324 852.5 259.35
0790 2263 919.1 280.15 0966 2524 951.1 259.40
0791 2272 919,4 280.25 0871 2525 950.6 259.25
0794 2274 918.6 280.00 0376 2326 850.1 259,10
0799 2276 919.0 280.10 0980 2527 949.3 259.55
0802 2279 917.3 279.60 0993 2531 849.3 253.55
0880 2355 947.4 253.30
voCm 0977 2357 845.7 257.75
0993 2336 947.0 253,15
0945 2327 962.4 262.85 0391 2340 945.7 257.75
0848 2329 863.2 263.10 0380 2345 944.2 257.30
0852 2331 863.2 263.10 0979 2349 843.3 257.05
0356 2333 861.7 262.65
0959 2336 860.1 262.15 F 63b
0865 2333 958.5 261.65
0366 2341 855.5 260.75 0870 2322 849.9 259.00
0869 2345 954.5 260.45 0875 2323 948.7 253.70
0070 2343 854.0 260.30 0880 2523 847.5 259.30
0871 2352 952.3 259.90 0394 2326 847.2 258.25
0372 2356 951.4 259.50 0336 2329 345.9 257.85




0754 2260 893,0 273.70 0979 2354 939.9 255.70
0752 2264 899.0 274.00 0876 2358 839.7 255.65
0753 2268 898.5 274.15 0876 2362 933.0 255.40
0756 2270 898.6 273.90
0760 2271 398.4 275.35 F 69
0764 2272 997.3 273.50
0763 2273 895.5 272.95 0773 2271 901.3 274.70
0772 2274 893.2 272.25 0776 2273 999.9 274.30
F 66 F 70
0354 2331 856,9 261.20 0863 2347 370.4 265.30
0059 2331 855.7 260.80 0866 2350 969.0 264.35
OO64 2332 855.1 260.65 0368 2354 867.6 264.45
0868 2335 953.7 260.20
0072 2334 852.6 259.35 F 71
0975 2336 952.7 259.90
0370 2339 350.5 259.25 0779 2211 991.1 271.60
0375 2339 950.5 259.25 0783 2213 337.3 270.45
0175 2343 349.3 253.70 0796 2290 935.3 269,95
0974 2347 847.1 258.20
0973 2351 846.1 257.90 F 72
F 67 0986 2363 333.0 255.40
0889 2567 936.0 254.80
0756 2265 906.9 276.40 0992 2371 339.1 234.55
0760 2267 906.6 276.35 0995 2375 934.3 254.30
273
0893 2579 832.8 255.35 P 7?
0902 2582 829.9 252.95
0905 2385 827.8 252.50 0808 2292 880.7 268.45
0909 2339 826.7 252.00
0912 2393 325.2 251.50 P 90
0316 2397 923.6 251.05
0920 2400 822.8 250.30 0951 2430 846.9 258.10
0054 2434 345.6 257.75
p 75
F 8i
0789 2278 909.2 277.10
0791 2232 907.6 276.65 0819 2302 976.7 267.20
0323 2304 374.3 266.65
p 74 0327 2306 369.8 265.10
0326 2310 369.5 265.00
0921 2403 837.0 255.10 0328 2302 971.2 265.55
0923 2405 359.6 255.60 0331 2309 869.4 264.70
0926 2408 336.5 254.95
F 9£
p 75
0965 2437 821.5 250.35
0794 2282 397.2 275.45 0967 2439 820.3 259.05
0799 2282 996.8 275.55
0801 2295 994.7 272.70 p 83
P 76 0927 2312 367.0 264.25
0950 2314 865.0 263.65
0930 2403 322.3 250.65
0935 2403 320.5 250.10 «gCOBa
0940 2404 920.0 249.95
0944 2406 919.3 249.70 0986 2450 795.7 242.55
0949 2409 918. 5 249.40 0989 2454 794.7 242.20
0953 2410 817.6 249.20 0992 2457 795.9 242.00
0056 2413 916.2 249.80 0995 2460 792.3 241.65
0959 2417 314.3 243.20
0956 2419 815.5 248.50 P 35
0954 2422 814.9 248.40
0962 2420 312.7 247.70 0834 2318 871.5 265.55
0964 2424 311.1 247.20 0339 2319 868.5 264.70
0959 2423 814.0 249.10 0344 2320 367.6 264.45
0963 2426 914.5 243.25
0966 2430 311.7 247.40 F 36
0970 2432 910.7 247.10
0974 2435 900.9 246.85 0932 2455 915.2 247.95
0935 2456 912.5 247.65
p 77 0998 2459 811.3 247.59
0902 2462 811.8 247.45
0793 2235 882.4 268.95 0990 2464 310.3 247.90
0995 2466 907.5 246.15
P 78
P 37
0946 2423 345.2 257.60
0950 2425 843.2 257.00 O836 2514 377.0 267.30
0953 2427 340.8 256.30 0939 2311 973.4 267.75
274
0340 2316 375.1 266.75 0929 2283 922.7 231.25
0945 2317 373.4 266.20 0325 2231 922.3 231.10
OB49 2316 372.3 266.05 0921 2279 922.5 281.20
0817 2277 920.3 290.65
"3 CDCD OBI 3 2274 920.5 290.55
0809 2212 919.2 280.15
0984 2462 835.9 254.15 0305 2270 917.3 279.60
0987 2465 333.4 254.00
P 9?
P 89
1016 2434 890.3 243.95
0353 2313 903.3 275.35 1020 2498 799.1 243.55
0856 2311 901.6 274.80 1023 2492 799.2 243.60
1026 2499 797.9 243.20
P 90 1030 2491 796.5 242.75
1013 2495 313.2 247.85 F 95
1023 2496 813.2 247.35
1026 2498 913.7 243.00 0365 2308 B64.9 263.60
1030 2500 812.4 247.60 0362 2311 B64.O 263.35
1032 2503 910.8 247.15 0359 2314 862.6 262.90
1035 2507 310.5 247.05 0356 2316 861.0 262.45
1033 2510 803.8 246.50 0350 2313 861.3 262.50
1041 2514 808.4 246.40
1033 2516 809.8 246.35 P 94
1039 2517 809.1 246.60
1044 2517 909.1 246.60 1031 2476 793.4 233.30
1044 2521 807.7 246.20 1033 2430 732.7 239.55
1046 2525 906.3 245.75 1035 2494 781.3 233.15
1047 2530 304.7 245.25 1037 2439 732.0 258.35
1048 2535 802.7 244.65 1038 2494 779.5 237.60
1052 2538 799.3 243.65 1040 2499 773.7 237.35
1054 2542 797.3 243.00 1042 2502 773.1 237.15
1057 2546 796.7 242.35
1059 2550 796.5 242.75 P 95
1061 2555 795.4 242.45
1067 2562 795.5 242.45 0965 2312 959.5 262.00
0362 2314 353,7 261.75
P 01 0959 2317 857.6 261.40
0856 2320 357.3 261.30
0356 2254 934.9 234.95 0852 2321 353.1 261.55
0856 2263 932.5 284.25 0848 2321 357.0 261.20
0956 2268 929.6 233.35
0357 2272 925.6 282.10 P 96
0857 2277 922.5 281.20
0957 2292 917.9 279.30 1)33 2495 794.1 242.05
0959 2237 917.1 279.55 1036 2499 795.9 ' 242.60
0358 2292 916.3 279.30 1937 2502 792.6 241.60
0358 2297 919.9 290.35 1041 2595 733.9 240.45'
0859 2301 920.9 290.70 1045 2508 786.7 239.30
0854 2295 919.1 230.15 1048 2511 735.3 239.50
0350 22f>5 917.3 279.75 1950 2512 735.2 239.35
0846 2291 017.3 279.60 1052 2516 734.7 239.20'
0942 2239 917.7 279.70 1955 2520 731.4 233.15
0937 2287 918.8 290.05 1056 2523 731.2 233.10
0333 2235 921.0 230.70 1053 2528 730.6 257.95
1054 2529 780.8 239.00 1073 2547 763.3 234.20
1016 2531 779.6 237.30 1082 2550 766.4 233.60
1064 2535 775.1 236.25 1035 2554 765.7 233.40
1066 2539 773.8 235.35 1086 2558 764.3 232.95
1068 2543 772.3 235.40 1090 2556 763.5 232.65
1070 2548 772.4 255.45 1032 2560 763.3 232,30
1073 2562 761.9 232.25
F 97 1085 2563 762.6 232.45
1034 2563 761.4 232.05
0861 2316 853.1 260.00 1082 2572 759.9 231.60
0860 2319 852.4 259.30
0865 2320 851.4 259.50 F 103
0966 2319 850.2 259.15
0908 2325 992.3 268.95
r 93 - 0905 2528 879.1 267.95
0902 2330 877.9 267.60
1052 2509 776.2 256.60 0396 2337 874.2 266.45
1055 2510 775.9 236.45 0392 2340 375.3 266.30
1059 2512 774.7 236.15
1061 2516 773.3 235.70 0953 2339 363.1 264.60
1062 2519 773.0 235.60 0942 2342 867.7 264.45
1064 2523 772.4 235.45 0946 2345 968.9 264.35
0900 2348 970.9 265.45
F 99 0397 2351 971.3 265.55
0874 2303 371.7 265.70 F 104
0972 2309 868.9 264.35
0969 2312 868.2 264.65 1033 2536 759.2 231.40
0866 2515 366.0 263.95 1085 2591 759.3 231.60
0362 2317 366,4 264.10 1037 2596 753.6 231.20
0967 2317 362.9 263.OO 1090 2600 758.1 231.05
0372 2319 361.1 262.45 1092 2635 756.2 230.50
0377 2319 858.9 261.80 1094 2610 755.3 230.20
0891 2320 359.3 261.90 1099 2613 754.6 230.00
1102 2617 753.6 229.70
F 100 1106 2619 753.5 229,60
1111 2621 753.3 229.60
1057 2507 773.5 235.70 1115 2625 751.9 229.20
1061 2510 772.3 235.55 1118 2629 750.6 223.80
1062 2514 7'a.5 235.15 1121 2633 749.7 223.50
1124 2659 749.4 223.10
F 101 1125 2642 745.6 227.25
1120 2643 746.2 227.45
0890 2303 394.9 272.75 1115 2644 749.2 229.05
0331 2313 394.6 272.65 1130 2641 744.3 226.95
0335 2317 890.5 271.40 1131 2645 745.4 227.20
0-390 2519 992,6 272.05 1131 2650 744.9 227.95
0392 2323 391.6 271.75 1132 2655 742.7 226.35
0394 2319 3 '9.0 270.95 1131 2660 743.6 226.65
0395 232b 890.8 271.50 1130 2665 741.3 225.95
1150 2670 740.3 225.65
F 102 1129 2675 739.5 225.40
1128 2630 739.2 225.30
1075 2539 770.3 254.95 1127 2695 737.9 224.90
1075 2543 769.0 234.40 1126 2690 755.9 224.30
1125 2695 736.3 224.40 0914 2342 959,3 262.05
1125 2700 735.1 224.05 0912 2345 355.6 260.90
P 105 P 111
0924 2323 374.7 266.60 0393 2553 353.9 261.75
0922 2326 372.2 265.35 0396 2355 357.1 261.25
0922 2331 369.1 264.90 0900 2357 956.2 260.95
F 106 P 112
iiu 2740 726,7 221.50 1055 2922 757.4 230.35
ill) 2744 726.0 221.30 1059 2822 756.4 230.55
1112 2747 725 #8 221.20 1063 2323 753.7 229.75
1111 2751 725.4 221,10 1067 2324 751.6 229.10
1110 2755 724.6 220.85 1071 2325 749.7 223.50
1105 2755 724.5 220.75 1071 2929 748.4 220.10
1109 2760 723.6 220.55 1071 2321 750.0 228.60
1108 2764 722.5 220.20 1072 2817 750.4 223.70
1107 2769 721,5 219,35 1072 2913 749,9 223.55
1106 2773 720.2 219.50 1075 2826 747.7 227.90
1105 2777 719.9 219.45 1079 2927 745.2 227.15
1103 2781 720.0 219.45 1083 2329 742.4 226.30
1103 2735 721.0 219.75 1037 2330 739.6 225.45
1103 2790 719.6 219.35
1103 2796 713.9 219.10 F U2
1103 2301 717.3 213.30
1103 2-306 717.3 219.65 0397 2351 343.6 253.65
1104 2310 716.3 213.35 0396 2355 647.1 250.20
1103 2914 715.8 218.20 0338 2358 344.5 257.40
1093 2812 715.4 213.05 0392 2363 943.5 257.10
1094 2310 716.4 213,35 0393 2359 844,3 257.35
1101 2819 714.7 217.95 0395 2365 340.9 256.30
1099 2323 714.7 217.35
1097 2323 713.1 217.35 F 114
1096 2332 712.0 217.00
IO04 2835 711.4 216.35 1077 2322 755.4 230.25
1095 2339 710.0 216.40 1031 2323 753,0 229.50
1092 2344 709.1 216.15 1034 2924 752.3 229.45




0927 2325 873.6 267.30 0831 2357 339.9 256.00
0926 2329 374.2 266.45 0332 2561 939.4 255.35
0925 2333 371.9 265.75 0995 2359 837.3 255.20
0924 2336 369.6 265.05
P 116
F 108
1075 2844 719.5 219.30
1102 2733 741.1 225.90 1079 2946 716.3 213,35
1100 2792 740.0 225.55 1093 2949 714.7 217.95
P 109 P 117
0916 2339 361.7 262.65 0921 2350 361.4 262.55
277
0923 2354 859.5 262.00 P 122
0926 2357 357.1 261.25
0929 2360 854.3 260.55 1065 2344 749.4 229.40
0932 2363 354.5 260.45 1063 2946 746.6 227.55
0935 2366 854.0 260.30 1071 2849 744.3 226.35
1074 2952 741.2 225.90
P 118 1076 2955 738.3 2°5«20
1079 2353 737.0 224.65
1064 2837 753.2 223.50 1030 2862 736.1 224.35
1068 2839 731.1 222.85 1091 2366 754.0 223.70
1072 2840 727.5 221.75 1031 2370 754.0 223.70
P 119 F 124
0902 2372 837.3 255.35 1070 2361 776.9 236.30
0905 2375 837.5 255.25 1072 2365 769.6 234.55
TOO 2379 837.3 255.20 1075 2363 765.6 232.75
0910 2375 837.7 255.55 1076 2870 758.0 231.05
0913 2372 839,2 255.30 1079 2873 750.5 229.75
0915 2368 340.0 256.05
0912 2380 835.8 254.75 jr. i2£,}
0916 2382 834.6 254.40
0937 2533 847.4 258,30
P 120 0940 2387 347.2 258.25
0945 2593 344.9 257.55
1080 2849 722.3 220.15 0943 2396 342.9 256.90
1082 2353 720.6 219.65 0952 2393 840.8 256.30




0912 2336 832.6 253.90 1040 2337 342.4 256.75
0915 2339 331.1 253.30 1042 2340 341.1 256.35
0918 2392 330.6 253.15 1044 2344 357.9 255.40
0922 2394 829.1 252.70 1047 2347 854.4 254.35
0926 2396 328.0 252,35 1050 2950 855.6 254.10
0924 2398 929.5 252.85 1052 2354 851.7 253.50
0927 2392 926.9 252.05
0929 2383 827.0 252.05 F 127
0930 2397 826.6 251.95
0933 2398 325.2 251.50 0991 2412 363.9 263.30
0937 2399 822.4 250.65 0937 2413 353.9 261.80
0941 2401 821.9 250.50 0933 2414 955.5 260.70
0945 2402 321,0 250.25 0979 2415 852.5 259.35
0949 2404 319.5 249.80 0976 2412 392.3 259.95
0949 2402 821.7 250.45 0975 2408 854.0 260.30
0953 2404 821.4 250.35 0931 2420 852.3 259.30
0957 2406 819.5 249.80 0975 2417 852.1 259.70
0960 2403 317.2 249.10
0963 2411 319.2 249.70 P 129
0866 2415 017.5 249.15
0968 2419 312.5 247.65 0994 2413 338.0 255.40
0969 2423 311.4 247.30 0902 2422 337.3 255.20
0972 2427 910.6 247.05 0990 2426 335.5 254.65
0939 2430 334.7 254.40 1237 3209 647.7 197.40
0934 2432 333.5 254.05 1237 3214 647.4 197.35
0985 2435 331.9 253.55 1258 3213 647.0 197.20
1239 5223 646.2 196.95
P 150 1240 3228 645.9 196.85
1242 3232 646,2 196.95
1201 3045 674.6 205.60 1238 3232 645.1 196.65
1203 3047 672.3 205.05 1233 3232 644.3 196.55
1205 3015 673.3 205.20 1229 3232 643.9 106.25
1207 3055 670.9 204.50 1224 3232 645.2 196.65
1209 3058 670.5 204.35 1220 3232 644.9 196.55
1211 3062 670.6 204.40 1215 3232 644.0 196.30
1217 3075 669.5 204.05 1241 3237 644.9 196.55
1220 3078 668.5 203.70 1240 3241 644.4 196.40
1224 3031 667.8 203.55 1238 3245 644.8 196.55
1223 3083 666.9 203.25 1236 3249 643.9 196.25
1235 3084 666.4 203.10 1235 5253 645.0 196.00
1233 3033 666.0 203.00 1232 3256 643.0 196.00
1243 3082 664,7 202.60 1230 3260 642.7 195.90
1248 3082 664.3 202.50 1228 3264 642.1 195.70
1252 3085 664.0 202.40 1225 3267 642,1 195.70
1252 3090 665.1 202.10 1223 3271 641.7 195.60
1250 3094 662.1 201.80 1221 3275 641.3 195.45
1249 3099 661.9 201.75 1220 3279 640.6 195.25
1249 3103 661.0 201.45 1218 3233 640.0 195.05
1250 3109 660.6 201.35 1217 3286 639.7 195.00
1250 3114 660.4 201.30 1216 3291 639.4 194.90
1250 3119 659.5 200.95 1215 3295 639.2 194.35
1245 3119 659.6 201,05 1215 3299 638.1 194.50
1241 5119 653.4 200.70 1214 3303 637.6 194.55
1236 3119 657.9 200.55 1220 3316 657.2 194.20
1252 3113 653.2 200.60 1222 3320 636.3 195.95
1228 3113 659.3 201.10 1224 3324 636,4 195.95
1223 3113 660.4 201.30 1226 3523 656.4 193.95
1219 3117 659.7 201.10 1228 3333 636.2 193.90
1250 3123 659.7 201.10 1230 3337 635.7 193.75
1251 3127 653.5 200.70 1231 3341 634.9 103.50
1252 5131 653.1 200.60 1233 3345 634.2 193.30
1253 3135 657.0 200.25 1234 3350 633.3 193.20
1254 3140 655.8 199.90 1236 3354 633.3 193.20
1255 3144 655.7 190,85 1237 5353 633.0 192.95
1255 3149 655.6 199.95
1254 3153 654.3 199. 15 F 131
1253 3153 654.I 199.35
1252 3162 653.1 199.05 0931 2436 919.2 249.70
1251 3167 652.7 198.95 0963 2439 318.3 249.40
1250 3171 652.3 193.35 0985 2442 316.6 243.90
1249 3175 651.9 199.70
1243 3179 651.5 193*60 P I"2;2
1246 3133 551.0 133.40
1244 3137 650.5 193.25 1136 3032 720.9 219.75
1241 3191 649.7 199.05 1139 3035 720.4 219.60
1239 3195 650.1 193.15 1192 3033 714.9 217.90
1233 3200 649.3 197.60 1194 3042 710.4 216.55
1237 3204 643,6 197.70
279
t 121 F HQ,
0997 2446 >909. 9 246,35 1197 5342 744.2 226.35
0991 2449 309.5 246.65 1193 3344 747.7 227.90
0996 2452 998.0 246,30 1139 3345 746.6 227.55
0919 2453 803.3 246.55 1135 3347 745.6 227.25
0999 2449 908.4 246.40 1132 3350 743.2 223.05
p m F 1,41
1203 5319 702.7 214.20 1013 2433 795.9 242.60
1202 3523 702.1 214.00 1015 2440 794.5 242.15
1201 mi 790.7 213.55 1017 2444 794.2 242.05





09^4 2431 326.7 252.00 1176 5356 751.5 229.05
0992 2435 325.0 251.45 1172 3359 741.6 226.05
0992 2440 323.0 250.35 1168 3342 734.9 224.00
0990 2444 920.9 250.20 1164 3345 731.6 223.00
0995 2444 920.1 249.95 1167 5349 729.6 222.40
1161 3341 732,5 223.25
F 136 1159 3337 729.1 222.25
1160 5549 723.1 221.90
1191 3298 771.9 235.30 1156 5351 725.3 221.05
1179 3502 772.1 235.55
1176 3306 773.0 235.60 F 143
1176 3310 770.9 234.95
1013 2395 333.8 255.65
P 137 1015 2399 359.7 2 -~.«5
1013 2402 934.4 254.35
1099 2426 911.3 247.30 1011 2402 332.1 253.60
0999 2430 819.4 247.00
0998 2434 999,7 246,50 F,„ 144
0998 2439 807.7 246.2(0
0998 2444 306.1 245.70 1116 3575 712.3 217.25
1119 5379 711.6 216,90
F 159 1121 3392 710.0 216.40
1122 3397 706.9 215.45
.1190 3520 733.3 223.50
1197 3523 733.1 223.45 F 145
1185 3226 732.7 223.35
1193 3339 735.3 223.50 1016 2409 354.5 260.45
1191 3333 737.5 224.80 1016 2414 853.5 260.15
1130 3336 740.1 225,60
1173 3333 736.2 224.40 ? 146
1175 3331 735.9 224.30
1037 5365 722.2 220.15
?, 15S) 1039 3364 724.1 220.70
1991 3363 719.9 219,45
1992 2436 305.5 245.45 1094 3371 713.3 219.10
1002 2441 302.3 244.70 1007 3375 720.2 219,50
1005 2445 301.1 244.20 1094 5379 720.1 219.50
1935 2449 793.5 243.30 1101 3372 719.6 219.35
280
1100 3373 719.7 219.35 1012 2426 312.2 247.55
1102 3381 721.9 220.05 10.4 2430 311.6 247.40
1105 3384 723.2 220.45
1107 3388 720.5 219.55 P 152
1109 3591 723.5 220.50
1111 3395 721.2 219.30 1099 3396 679.5 206.75
1115 3398 721.5 219.90 1102 3400 676.5 206.20
1116 3302 713.7 219.05 1105 3403 674.3 205.70
1107 5407 674.1 205.45
P 147 1110 3411 672.7 205.05
1113 3415 671.3 204.60
1007 2403 323.5 250.95 1115 3419 671.2 204.60
1005 2408 821.8 250.50 1116 3424 670.0 204.20
1004 2413 820.0 249.95 1117 3429 663.2 203.65
1001 2412 318.5 249,50 1119 3433 665,7 202.90
1006 2413 819.0 249.65 1123 3432 665.2 202.75
1004 2418 317.2 249.10 1126 3430 666.0 203.00-
1006 2422 314.5 243.20 1122 3436 664.2 202.45
1126 3439 663.6 202.25
ccrHtu, 1130 3442 66l,6 201.65
1135 3445 661,0 201.45
1095 3407 717.3 218,30 1135 3449 658.6 2 > '.75
1098 3410 716.7 213,45 1133 3453 656.4 290,05
1101 3408 716.7 213.45 1141 3456 654.3 199.45
1101 5412 715.7 217.55 1145 3458 653.1 199.05
1104 3415 709.1 216.15 1149 3460 651.4 198.55
1150 3459 652.4 193.85
P 14? 1154 3462 649,3 193.05
1158 3465 643.7 197.70
1013 2418 325.3 250,95 1160 3469 646.8 197.15
1014 2423 823.9 251.10 1161 3472 645.2 196.65
1163 3476 644.1 196.50
F 150 1167 3430 642.6 195.85
1171 3492 641.7 195.60
1154 3395 694.3 211.80 1175 3433 639.9 195.05
1152 3399 689.3 210,25 1130 3436 639.2 194.85
1148 3599 691.4 210,75 1183 3498 638.0 194.45
1152 3403 688,4 209.30 1187 3490 636.7 194.05
1153 3408 639.0 210.00 1101 3491 636.2 193.90
1153 5413 685.6 203.95 1196 3491 635.3 193.65
1153 3417 632,5 203.05 1200 3492 635.2 193.60
1153 3420 630,0 207.25 1204 3493 633.0 192.95
1152 3425 676,0 206.05 1200 3494 632.5 1C?2.B0
1149 3421 679.3 207.20 1211 3499 631.1 192.35
1145 3413 630,2 207.30 1213 3495 629.3 191,30
1142 3415 631.5 207.70 1215 3431 628.4 191.55
1150 3429 673.0 205.15 1213 3478 628.1 191.45
1149 3433 670.2 204.30 1220 3474 627.7 191.30
1148 3437 666.1 203.05 1223 3471 629,5 191,55
1146 3441 665.5 202.95 1214 5493 650.0 192.00
1219 3492 630.1 192,05
P 151 12 '3 3491 623,4 191.55
816.2
1227 3490 627.1 191.15
1010 2422 243.30 1232 3439 626,5 190,95
281
F 153 1132 5462 651.2 198.50
1186 3461 649.7 198.05
1002 2422 812.2 247.55 1191 3460 643.7 197.70
1004 2425 809.1 246,60 1195 3453 647.6 197.40
1007 2429 897.5 246.15 1199 3457 646.7 197.10
1203 3455 645.2 196.65
P 154 1207 5452 644.3 196.40
1211 3450 644.2 196.35
1119 3442 668.9 203.90 1215 3448 644.2 196.35
1121 3445 668.9 203.90 1217 3447 649.1 197.85
1125 3443 668.6 203.80 1225 3445 643,6 197.70
1129 5452 665.9 202.95 1230 3445 649.6 198.00
1131 3456 665.O 202.70 1235 3444 651.7 193.65
1135 3459 664.5 202.55 1239 3444 653.3 199.50
1138 3462 663.2 202.15 1238 3440 654.9 199.60
1142 3466 662.3 201.85 1236 3436 655.9 199.90
1145 3469 662.0 201.80 1235 3452 656.8 200.20
1149 3471 661.5 201.65
1149 3473 660.1 201.20 F 157
1153 3476 659.5 200.65
1156 3430 656.5 209.10 1031 2409 804.5 345.20
1160 3432 654.3 199.60 1033 2413 302.0 244.45
1164 3435 654.5 199.45 1038 2415 800.6 244.00
1166 3439 652.9 199.00
1170 3492 651.0 199.40 coIT
1173 3495 649.2 197.90
1173 3499 648.7 197.70 1135 3463 676.5 206.15
1174 3502 647.7 197.40 1138 3472 676.8 206.30
1174 3506 646.8 197.15 1140 3476 676.8 206.30
1174 3510 645.1 196.65 1142 3480 675.1 205.75
1179 3497 646.2 196.95 1144 3481 671.3 204.60
1193 3499 644.6 196.45 1147 3485 665.5 202.85
1133 3501 642.9 195.95 1149 3433 665.9 202.95
1195 3503 641.9 195.65
1195 3505 641.6 195.55 P 159
F 155 1025 2453 908.5 246.35
1002 2427 801.0 244.15 F 161
1003 2432 799.8 243.30
1006 2435 798.7 243.45 1020 2460 787.6 240.05
1011 2435 796.8 242.35 1022 2464 735.2 239.35
1024 2468 735.3 239.35
P 156 1026 2472 734.7 239.20
1000 2465 790.4 240.90
1150 3448 661,0 201.45 1000 2468 790.0 240.30
1153 3449 659.9 201.10 1007 2471 788.6 240.55
1152 3452 660.8 201.40 1012 2473 737.1 239.90
1156 3456 659.2 209.90 1917 2473 736.4 239.70
1160 3459 656.9 209,20 1922 2473 736.1 239.60
1164 3460 654.9 199.60
1163 3462 653.2 199.10 P 162
1172 3464 652.2 198.80
1174 5460 651.6 199.60 1195 3551 629.3 131.80
1175 3455 654.0 199,35 1197 35 4 623.1 191.45
1176 3451 655.4 199.75 1209 3557 627.3 131.35
1173 3461 652.7 199.95 1292 3569 627.7 131.30
1205 3563 623.4 191.55
282
1207 3566 627.7 191.30 F 166
1197 3548 628.2 191.50
1200 5546 627.3 191.35 1281 5481 621.3 199.35
1203 3544 626.4 190.95 1234 5433 620.4 189.10
1206 3542 626.0 190.80 1237 3486 619.4 198.80
1209 3559 625.9 190.75 1291 3433 618.4 188.50
1212 3536 625.9 190.75 1296 3433 618.4 188.50
1215 3555 625.5 190.65 1301 3499 617.9 183.35
1219 3550 625.6 190.70 1305 3491 618.0 198.35
1221 3926 625.6 190.70 1310 3492 619.0 188.35
F I63 F *67
1040 2483 782.4 238,50 1052 2491 783.7 239.85
1042 2488 782.3 238,45 1055 2495 794.6 239.15
1043 2493 780,7 237,95 1054 2499 795.1 238.70
1044 2497 779.4 237,55 1060 2505 792.6 238.55
1045 2501 778.1 237,15 1060 2493 783.9. 238.95
1046 2503 777,5 237.00
1049 2505 777,0 236,35 F 168
1054 2504 774.9 256.20
1280 3471 636.5 194.00
F 164 1284 3472 634.0 193.25
1283 3475 632.2 192.70
1247 3488 623.3 190,00 1288 3473 630.7 192.25
1251 3484 622,8 189.85
1256 3482 622.7 189.80 * 1*9
1261 3480 622.8 189.85
1267 3477 622.3 189,70 1077 2528 736,4 239.70
1266 3492 621.5 189.45 1080 2530 794.4 239.10
1271 3490 622.3 189.70 1085 2532 733.0 239.65
1275 3491 622.4 189.70
1272 3490 619.1 198.70 F 170
1277 3491 618.7 189,60
1292 3492 617.7 198.25 1298 3477 637.2 194.20
1286 3494 617.9 199.35 1301 3480 637.0 194.15
1290 3496 617.7 138.25 1303 3478 637.2 194.20
1204 3499 617.0 199.05 1505 3492 633.8 195.20
1298 5501 616.8 189.00
1301 3505 615.8 187.70 F 171
1304 3509 615.2 187.50
1309 35.2 614.7 197.35 1071 2527 769.8 234.65
1311 3515 613.6 187.05 1073 2531 770,1 234.75
1315 3518 613.3 196.95 1075 2555 769.1 234.40
1319 3521 612.9 186,80 1078 2538 763.3 234.20
1322 3524 613.1 196.95 1081 2541 767,5 233.95
1084 2545 766,2 233.55
F 165 1087 2548 765.6 233.35
1052 2491 783.7 238.85
1053 2495 784.6 239.15 F 172
1053 2499 783.1 238.70
1060 2503 782.6 238.55 1311 3439 629.7 191.95
1060 2498 785.9 238.95
283
F 175 1265 3468 619.8 133.90
1311 5417 626.5 190.95
1113 2559 318.8 249.55 1313 5421 625.4 190.60
1111 2563 307.2 246.05 1315 3425 624.7 190.40
1109 2567 793.2 243.30 1517 3429 624.5 190.35
1320 5433 624.4 190.30
P 174 1323 3436 624.2 190.25
1326 3440 623.7 190.10
1320 3497 626,9 191.10 1326 3444 623.0 139.90
1322 3500 623.3 191.65 1325 3443 622.4 189.70
1325 3503 603.1 192.05 1325 3453 621.6 190.45
1325 5458 621.1 199.30
F 173 1325 5462 621.1 189.30
1525 3467 621,1 189.30
1096 2563 764.3 233.10 1325 3472 621.5 139.45
1098 2572 763.9 252.30 1526 5476 620.3 189.20
1100 2576 761.9 232.25 1329 3480 619.9 189.95
1102 2530 762.2 252.30 1325 3485 619.3 138,90
1107 2579 762.1 232.30 1321 3435 619,3 133.75
1112 2573 762.3 232.55 1331 5435 620,0 190.00
1104 2585 761.6 232.15 1332 3489 619.3 193.90
1106 2589 760*8 251.90 1333 3494 619,3 133.75
1334 3409 613.7 193.60
P 176 1334 3504 618,3 183.60
1335 3503 613.1 133,40
1252 3364 632.9 192.90 1335 5513 617.3 193,15
1256 3366 632.7 192.35
1260 3367 631.9 192,60 F 171
1265 5363 650.6 192.20
10361268 3371 629.7 191,95 2577 761.7 232.15
1271 3374 629.9 191.70 1088 2581 760.1 231.70
1275 3377 628.5 191.50 1090 2535 759.8 231.60
1278 3380 627.9 191.40 1092 2539 753.5 231.20
1282 3383 627.5 191.25 1093 2593 756,4 230.55
1285 3336 627.8 191.35 1094 2597 755.8 230.35'
1239 3389 627.8 191.35 1096 2601 755.4 230.25
1292 3392 627.7 191.30 1093 2606 754.3 229,90
1296 3396 627.3 191.20 1101 2609 753.5 229.65
1300 3399 626.5 190.95 1105 2612 752.3 229.30
1295 3399 626.3 190.00 1109 2614 751.9 229.20
1201 3400 626.1 190.85 1112 2615 751.5 229.05
1309 3413 626.1 190,85
1307 3419 625.7 190.70 F 178
1305 3422 625.0 100.50
1300 3426 625.1 190.55 1275 3444 627.5 191.20
1295 3429 624.3 1^0.30 1279 5446 624,7 190.40
1291 3432 623.4 190.00 1278 3439 623.7 IOI.65
1286 3434 622.5 189.75 1285 3439 627.1 191.15
1231 3435 622.0 189.60
1278 3431 621.2 189.55 P 179
1273 3433 620,9 139.25
1271 3438 620.4 189.10 1126 2608 792.5 241.55
1270 3444 620.2 139,05 1122 2603 791.0 241.10
1270 3449 619.9 188.95 1131 2607 795.2 242.40
1269 3454 619.0 in. 95 1127 2612 799.6 240.65
1267 3459 619.5 138.30 1129 2617 787.2 238,95
1266 3463 619.1 138.70 1131 2622 734.1 239.00
234
P 131 1124 2750 732.5 223.25
1123 2755 731.2 222.95
1137 2657 742.6 226.35 1123 2760 728.9 222.15
1137 2662 741.2 225.90 1124 2765 727.4 221.70
1142 2661 740.3 225.65 1125 2770 725.3 221.05
1136 2667 739.6 225.15 1122 2775 726.3 221.40
1136 2672 739.6 225.15
1135 2676 738.3 225.05 F 3,34
1134 2630 756.6 224.50
1133 2694 736.2 224.40 1800 5697 537.4 179,05
1132 2683 734.8 223.95 1802 3701 587.7 179.15
1131 2693 734.2 223.90 1805 3706 536.7 173.85
1801 3703 584.4 173.15
P 132 1808 3709 537.5 179.05
1636
1811 3715 536.6 179.80
3577 597.7 179.15 1815 3723 535.0 178.30
1691 3577 587.8 179.15
1695 5573 587.4 179.05 P 195
1709 3579 587.7 179.15
1704 3579 537.3 179.00 1126 2717 731.2 222.85
1709 3579 536.6 173.80 1124 2721 730.7 222.70
1714 3530 586.2 178.65 1123 2726 723.9 222.15
1713 3532 585.8 178.55 1121 2730 723.2 221.95
1722 3535 595.2 178.55 1120 2734 728.0 221.90
1725 3598 594.7 179.20 1119 2738 726.9 221,55
1721 3591 594.9 173.30 1118 2743 726.6 221.45
1717 3594 584.6 178.20 1117 2748 725.7 221.20
1713 3597 594.4 173.15 1116 2752 724.7 220.90
1711 3599 584.6 178.20 1116 2757 724.0 220.70
1727 3592 534.2 179.05 1115 2761 723.8 220.60
1729 3596 534.2 178.05 1114 2765 723.5 220.45
1729 3601 534.7 173.20 1113 2770 722.1 220.10
1729 3605 534.3 173,25 1111 2774 722.9 220.35
1729 3610 594.6 178.20 1109 2773 722.5 220.15
1730 3615 594.4 179.15 1107 2732 720,0 219.45
1734 5619 534.2 179.05 1106 2786 713.9 219.10
1733 3621 584.3 178.10 1106 2791 717.9 218.80
1741 3624 535.8 177.95 1106 2795 717.5 213.65
1743 3627 585.4 177.90 1100 2800 715.3 218.20
1750 3630 592.3 177.50 1110 2804 714.0 217,65
1755 3633 532.0 177.40
1759 3636 531.6 177.25 P 186
1763 3639 581.3 177.20
1767 3643 579.9 176.75 1814 3698 573.6 176.35
1816 3702 577.7 176,10
P 133 1810 3707 577.5 176.00
1820 3711 577.3 175.95
1133 2713 740.9 225,35 1922 3716 577.4 176,00
1151 2723 739.5 225.40 1823 3721 576.9 175.35
1129 2727 733.6 225.15 1324 3726 576.6 175.75
1127 2731 737.9 224.90 1825 5730 576.0 175.55
1126 2735 757.2 224.70 1826 5755 575.6 175.45
1122 2735 735.8 224.25 1929 3739 575.0 175.25
1126 2740 736.1 224.35 1831 3742 575.4 175.40
1125 2745 735.4 224.15 1833 3746 575,4 175.40
285
1355 3750 575 '3 175.35 1920 3858 563.6 173.30
1337 3754 575.0 175.25 1920 3862 567.9 173.10
F 137 P 189
1108 2327 736,2 224.40 1103 2823 714.0 217.65
1107 2331 736,2 224.40 1102 2828 713.6 217.50
1106 2935 735.0 224.05 1100 2832 713.0 217.30
1106 2340 734.1 223.75 1098 2836 712.5 217.15
1105 2344 733*5 223.55 1097 2841 711.6 216.90
1105 2848 732.6 223.50 1095 2345 710.0 216.40
1105 2852 751.7 223.00 1093 2352 709.3 216.20
1106 2357 730.2 222.55 1091 2360 707.7 215.70
1110 2857 729.8 222.45 1090 2365 706,3 215.45
1110 2861 730.1 222.55 1089 2871 705.3 215.00
1115 2862 723.1 221.90 1088 2875 705.2 214.95
1088 2330 705,5 215.05
F 138 1089 2335 704.4 214.70
1091 2890 703.1 214.30
1842 3756 575.5 175.40 1093 2394 701.9 213.95
1345 3757 573.4 174.75 1096 2393 701.2 213.75
1349 3759 573.9 174.90 1099 2901 701.2 213.75
1353 3761 573.9 174.90 1102 2905 7oo.3 213.45
1355 3765 574.3 175.05 1105 2903 693.9 213.00
1358 3768 574.1 175.00 1108 2912 690.8 213.00
1361 3771 572.7 174.55 1112 2909 697.7 212.65
1364 5774 573.3 174.75 1116 2906 69611 212.80
1864 3779 572.6 174.55 1120 2903 699.4 213.20
1867 3731 572.6 174.55 1124 2900 697.9 212.70
1870 37-95 572.3 174.45 1111 2915 698.1 212.00
1874 3735 571.9 174.30 1114 2919 697.2 212.50
1377 3738 571.7 174.25 1117 2923 696.9 212.40
1880 3791 572.1 174.40 1120 2926 696,4 212.25
1382 3794 571.0 174.05 1125 2930 695.3 211.95
1385 3797 571.0 174.05 1127 2932 694.1 211.55
1387 3800 570.6 173.90 1130 2936 692.7 211.15
1384 3802 570.0 173.75 1133 2940 691.3 210.70
1881 3905 570.5 173.90 1136 2944 691.5 210.75
1390 3803 570.2 173.30 1159 2943 690.6 210.50
1 -91 3806 570.1 173.75 1142 2953 639.9 210.30
1393 3809 570.3 173.35 1145 2957 633.5 209.85
1895 3312 569.7 175.65 1147 2961 687.6 209.60
1898 3816 569.9. 173.65 1149 2965 637.7 209.60
1900 3320 568.9 175.40 1151 2968 636.4 209.20
1902 3324 568,8 173.35 1153 2972 636.0 209.10
1904 3325 570.1 173.75 1155 2975 635.3 208.90
1907 3327 569.5 173.60 1.158 2930 634.3 208.55
1910 3830 569.4 173.55 1161 2935 684.1 208.50
1912 3933 569.3 173.70 1166 2983 633.7 208.40
1915 3336 570.1 173.75 1170 2981 681.3 207.30
1917 3939 569.4 173.55 1174 2978 6 4.1 200.50
1919 3342 569.1 173.45 1179 2977 684.1 203.50
1921 3846 569.4 173.55 1103 2975 681.7 207.30
1921 3950 563.9 173.40 1165 2938 633.1 208.20
1921 3854 568.5 175.30 1169 2991 •92.6 203.05
286
1173 2994 682.4 203.00 1378 3846 621.7 139.50
1177 2997 681.5 207.70
1181 3000 681.0 207.55 F 194
1184 3003 680.0 207.25
1186 5006 680.2 207.30 1907 3850 580.8 177.05
1188 5009 679.5 207.05 1911 5853 579.8 176.70
1190 3012 678.0 206.65
1191 3016 677.8 206.60 F 196
1195 3015 680.2 207.30
1194 5020 678.0 206.65 1912 3865 595.0 131.35
1196 3024 676.6 206.25 1916 3868 597.3 192.05
1198 3028 675.2 205.30 1920 3371 594.1 131.10
1201 3033 675.5 205.90
F 198
P 190
1928 3879 590.6 180.00
1840 3773 536.2 178.65 1931 3883 590.2 179.90
1843 3782 586.2 178.65 1933 3839 599.8 179.75
1346 3735 535.6 178.50 1936 3392 538.9 179.50
1349 3738 537.1 178.95 1947 3399 587.1 173.95
1852 3792 536.3 173.35 1945 3904 537.9 179.20
1854 3795 505.6 173.50 1944 3915 536.4 173.75
1857 3798 504.6 173.20
1360 3301 534.8 173.25 F 200
1366 3798 534.7 173.20
1870 3800 535.1 173.35 1926 3870 568.0 173.15
1372 3304 535.3 173.55 1915 3871 567.8 173.05
1075 3807 584.6 173.20 1936 3873 567.8 173.05
1382 3311 534.7 178.20 1940 3375 567.1 172.95
1885 3314 503.7 177.90 1944 3377 566,8 172.75
1833 3317 535.0 173.30 1948 3380 566.3 172.60
1391 3820 535.4 178.45 1951 3885 565.9 172.50
1393 3319 585.2 173.35 1953 3890 566.0 172.50
1837 3323 581.2 177.15 1949 3891 564.2 172.00
1884 3826 531.4 177.20 1952 3395 565.5 172.35
1830 5829 531.8 177.35 1951 3899 564.3 172.00
1394 3824 535.4 173.45 1950 5903 564.1 171.95
1397 3828 535.4 173.45 1949 3908 565.0 172.20
1900 3332 536.1 173.65 1948 3913 565.1 172.25
F 191 F 202
1121 2830 727.2 221.65 1914 3382 631.3 192.40
1122 2835 724.3 220.75 1920 3838 632.0 192.65
1125 2090 722.5 220.20 1904 3903 635.4 193.65
1125 2894 719.7 219.35 1910 3908 635.1 193.60
F 192 F 205
1870 3332 624.7 190.40 1303 3397 623,2 191.50
1373 3835 623.9 190.15 1310 3401 624.9 190.45
1076 5338 622.1 139.60 1312 3405 625.3 190.60
1379 3342 622.3 189.85 1314 3409 624.5 190.3
1332 3345 621.9 139.55 1316 3412 624.3 190.30
1336 3844 622.2 139.65 1319 3416 623.7 190.10
1320 3419 622,9 189.85 1395 3 35 610.1 105.95
1321 5425 622,3 189.70 1398 3552 610.1 135.95
1323 3426 622,5 139.75 1401 3529 609.6 195.30
1525 3429 621 .-0 109.50 1403 3526 609.9 135.60
1320 3432 621,9 199.55 1406 3523 609,7 195.55
1331 3435 621.5 139.45 1409 3520 609.1 185.35
1333 3459 624.5 190.30 1412 3517 600.9 105.60
1333 3443 622.8 189,95 1414 3513 609.3 135.79
1334 3443 621.5 189.45 1417 3510 609.0 135.60
1533 3455 621.4 189.40 1420 3506 609.4 185.75
1540 3455 621,8 139.50 1423 3505 609.0 185.60
1542 3451 625.6 190,70 1425 3499 609.1 195.65
1345 3443 623.8 191.65 1428 5496 608,7 135.55
1348 3445 632.3 192.75 1335 3554 61.2.4 136.65
1351 3442 635.7 193.75 1390 3555 612.6 136.70
1354 3439 638.9 194.70 1394 3557 611.4 136.55
1357 3435 642.8 195.95 1398 3559 610.3 196.15
1359 3452 648.5 197.65 1402 5559 610.5 186.00
13^2 3429 651.6 198.60 1407 5559 610.1 185.95
1364 5425 656.4 200.05 1411 3560 610,1 195.95
1335 3460 622,0 189.60 1416 3560 609.4 185.75
1332 3464 621.7 189.50 1421 5561 609.7 135.85
1332 3469 621.1 189.30 1426 3562 609.4 185.45
1333 3473 620.8 189.20 1431 3565 603.7 135.55
1334 3477 620.8 189,20 1436 5563 6 s8.5 135.45
1355 3491 620,6 139.15 1441 5563 603.2 185.40
1333 3484 620.0 199.00 1446 3563 607.4 135.15
1339 3488 616.8 193.00 1450 3562 607.4 195.15
1340 3492 613,9 1S8.65 1455 3562 607.3 135,10
1541 3496 619,4 139,30 1459 3562 607.2 135.05
1342 3500 618.6 189.55 1464 3562 606.7 194,90
1342 5504 619.0 193.65 1463 5563 605.3 104.50
1342 3508 618.5 183.50 1472 3565 604.5 184.20
1341 3512 617.4 199,20 1477 5567 605,2 134.45
1340 3516 617.9 183.55 1492 3563 604.5 184.25
1333 3510 617.2 199.10 I486 5569 604.1 194.15
1358 3523 616,6 187.95 1491 5570 603,4 183.90
1339 3527 616.6 137.95 1496 3570 603.2 103.35
1342 3550 615.3 137.55 1501 3570 602,4 133.60
1346 3531 614,8 137.40 1506 3570 602.3 133.60
1350 3533 614.5 137.30 1511 3569 602.5 135.65
1354 3535 613.2 186.90 1515 3566 602.5 133.65
1353 3537 612.9 196.80 1520 3564 602.5 133.60
1363 3537 612.3 186.65 1523 3560 601,1 133.20
1365 3540 612.7 186.75 1527 3558 601,5 103.35
136? 3543 612,5 186.70 1 51 3557 601,0 133.20
1371 3545 612.5 136.70 1556 3559 600,1 182.90
1375 3547 612.6 196.70 1540 3560 590,7 182.50
1373 3549 612,5 136.70 1545 3559 598.9 102.55
138? 3550 612.3 196.65 1551 355-3 5r>3,5 182.55
1335 3552 612,1 136,55 1556 3557 596.9 101,95
1536 3548 610.7 196,15 1'62 3556 595.3 101.45
1333 3545 612.7 136.79 1567 3565 596.1 191,79
1300 3542 617.0 199.05 1572 55 "3 5a5.a 131,60
1532 3R33 613.6 187.05 1576 3550 505.9 1 01,65
283
1581 3546 595.9 131.60 1748 3603 584.9 173.30
1533 3542 596,9 131,95 1751 3601 585.3 173.40
1537 3533 597.1 182.00 1740 3613 535.7 179.50
1591 3555 596,8 131.90 1744 3614 586.6 178.80
1598 3533 596.9 191.90 1743 3617 596.3 173.70
1596 5530 595.4 181.50 1752 3620 506.0 173.60
1603 3532 596.7 181.85 1755 3625 535.2 173.35
l603 3551 595.3 191.60 1760 3631 595.4 173.45
1613 3529 594.9 131.30 1764 3634 534.6 173.20
1613 3527 594.3 181.15 1768 3637 534.3 178.10
1621 3525 593.9 131.00 1771 3640 584.1 173.05
1626 3524 594.6 181.25 1775 5638 582.3 177.50
1639 3926 594.3 181.15 1773 3645 533.5 177.35
1632 3530 594.3 131.15 1773 3649 535.7 177.90
1635 3534 593.8 181.00 1774 3652 533,6 177.90
1637 3559 593.4 190.85 1779 5652 582.2 177.45
I640 3542 593.4 180.85 1732 3653 530.8 177.05
1642 3545 592.8 180.70
1644 3549 591.9 130.40 P 204
1643 3553 592.6 190,60
1152 3556 592.1 180.45 1956 3939 563.9 171.90
1656 3558 591.9 130.40 1959 3942 565.3 171.95
1661 5559 590.4 179.95 1962 5946 565.7 171.80
1665 3561 589.6 179.70 1965 3950 563.0 171.60
1670 3565 599.7 179.75 1963 3954 563.3 171.70
1674 5565 539.6 179.70 1970 3958 562.8 171.55
1679 3567 539.0 179.55 1973 3961 562.5 171.45
1632 3568 538.8 179.45 1975 3965 562.1 171.35
1636 3569 598.8 179.45 1976 3970 562.0 171.30
1691 3569 588.2 179.30 1978 3975 559.1 170.40
1695 3570 588.1 179.25 1931 3979 560.9 170.95
1699 3571 587.5 179.05
1703 3571 593.0 179.20 O00Ua
1796 3568 537.5 179.05
1710 3565 597.3 179.00 1328 3403 670.4 204.35
1714 3562 537.1 173.95 1328 3407 667.2 203.35
1717 3559 537.9 179.20 1326 5413 665,6 202.05
1721 3556 537.6 179.10 1329 3422 665,8 202.95
1725 3553 593.7 179.45 1535 3423 665,1 202.70
1709 3572 597.7 179.15 1337 3423 666.1 203.05
1714 3573 597.7 179.15 1341 342? 669,8 204.15
1713 3575 587.4 179.05 1345 3422 671.6 204.70
1722 3577 596.5 179.75 1349 3421 675.9 206.00
1726 3530 536.0 179,60 1352 3419 679.8 207.20
1729 3583 586,1 173.65 1355 3417 682.0 207.95
1731 3596 596.0 173.60
1733 3590 537.8 179.15 P 206
1734 3595 598.4 179.35
1735 3600 589.5 179.35 1970 3995 644.7 196,50
.1734 3604 539.3 179.50 1972 3916 643.3 196.10
1733 3609 537.6 179.10 1971 3996 643.6 196,15
1735 3613 535.9 179.55 1973 3996 642.7 195.90
1738 3610 595.9 178.60 1974 4000 640.5 195.15
1742 3603 535,5 179.45






















































1995 4039 606.5 134.85
701.6 213.85 P 209
698.7 212.95
696.6 212,30 1526 3513 68O.7 207.50
694.5 211,70 1551 3513 679.5 207.10
693*4 211.35 1534 3516 678.5 206.80
685.1 208.80 1539 3516 672.8 205.05
682.2 207.95
679.2 207.00 P 210
677.6 206.55
674.5 205,60 1968 4013 629.7 191.95
672.7 205.05 1971 4015 629.5 191.85
670.9 204.50 1974 4018 627.4 191.25
666.7 203.20 1976 4022 631.6 192.50
662.6 201.95 1979 4026 630.5 192.20
660.5 201.30 1932 4030 628.1 191.45
658.9 200.85
656.7 200.15 P 211
653.5 190.15
650.0 198.10 1790 3651 631.1 192.35
1792 3655 627.4 191.25
1796 3657 626.6 191.00
629.6
1800 3660 624.9 190.45
191.90 1803 5657 626.7 191.00
628.4 191.55
627.5 191.25 P 212
626.7 191.00
626.0 190,80 1945 4002 709.62 216,00
623.2 189.95 1946 4005 706.72 215.40
621.3 189.35 1948 4009 703.93 214.55
620.3 139.05 1951 4013 701.21 215.75
619.4 183.80 1947 4016 700.35 213.50
624.0 190.20 1955 4011 700.35 213.50
622.9 189.95 1954 4017 698.23 212.80
621.9 189*55 1956 4020 695.61 212.00
621.2 189.35
620.2 199.05 P 213
619,0 183.65
617.6 138.25 1911 3632 578.6 176.35
616.5 197*90 1314 5683 579.2 176.25
615.7 137*65 1316 3689 578.3 176.25
614.6 137.35 1319 5693 577.9 176.15
615.6 137.65 1322 3697 576.6 175.75
617.9 188.35 1924 3702 578.1 176.20
617.0
1925 3707 577.9 176.15
183.05 1326 3711 577.6 176.05
615.2 187.50 1927 3715 577.0 175.35
614.4 187.25 1329 3720 576.3 175.65
612.7 196.75 1330 3724 576.6 175.75
610.9 136.20 1831 3723 576.3 175.65
608,9 195.60 1333 3732 576.1 175.60
607.3 195.10 1937 3740 575.9 .175.55
608.5 135.45 1833 3744 576.3 175.65
610.2 186.00 1340 3747 576.2 175.65
611.5 136.40 1843 3750 576.2 175.65































































































1907 3995 641.7 195.60
2001 3996 633.9 194.75
2006 3998 656.6 194.05
2010 3999 634.8 193.50
2015 4000 632.6 192.80
2020 4000 631.4 192.45
2024 4000 628.7 191.65
2023 4000 627.2 191.15
2035 4000 625.1 190.55
2037 4000 622.0 139.60
F 217
1907 3783 602.3 183.60
mo 3795 601.0 185.20
1913 3798 599.2 132.65
F 213
1964 4073 593.1 130.30
1362 4069 592.4 180.55
I860 4065 592.4 180.55
1957 4062 591.6 180.30
1856 4058 591.0 180.15
1355 4053 589.9 179.30
1355 4043 590.4 179.95
1357 4044 539.2 179.60
1359 4040 533.7 179.45
1861 4035 583.8 179.45
I864 4038 588.7 179.45
1866 4040 588.6 179.40
1365 4031 588.1 179.25
1870 4029 587.3 179.00
1874 4029 587.1 178.95
1879 4026 586.5 173.75
1884 4024 586.4 173.75
1339 4023 586.4 178.75
1394 4025 586.0 178.60
1899 4023 535.9 173.60
1904 4025 535.5 178.45
1906 4029 535.4 173.45
1908 4027 534.9 173.30
1910 4029 534.2 178.05
1914 4031 583.3 177.30
F 219
1912 3305 610.3 136.00
1913 3312 603,0 135.30
F 220
1922 4028 583.6 177.90
1926 4027 582,8 177.65
1930 4026 531.7 177.30
1934 4027 531.2 177.15
A
291
1939 4027 581.0 177.10 1975 4037 690.3 210.40
1944 4023 531.0 177.10 1373 4084 693,6 211.40
1942 4031 590.7 177.00 1872 4090 689.1 210.05
1949 4031 579.5 176.65 1876 4090 636.1 209.10
1932 4034 573.4 176.30 1881 4081 681.1 207.60
1956 4036 579.8 176.40 1385 4081 676.0 206.05
1961 4039 577.3 175.95 1373 4076 692.8 211.15
1966 4041 576.8 175.30 1973 4071 693.9 211.50
1970 4044 576.1 175.60 1973 4066 694.9 211.80
1974 4047 575.7 175.45 1376 4062 693.2 211.30
1975 4052 574.9 175.25 1379 4059 683.6 209.90
1976 4056 574.1 175.00 1932 4055 686.5 209.25
1978 40£h 574.6 175.15 1385 4052 682.0 207.85
1938 4049 673.1 206.70
F 221 1934 4046 673.9 206.95
1880 4045 677.4 206.45
1890 3790 572.5 174.50 1392 4052 677.8 206.60
1892 3792 572.2 174.40 1891 4046 674.4 205.55
1994 3796 571.2 174.10 1394 4043 671.0 204.50
1396 3300 572.0 174.35 1999 4041 668.1 203.65
1893 3803 570.8 174.00 1902 4038 669.1 203.90
1900 3807 570.5 173.90
1902 3810 570.8 174.00 P 223
1904 3814 571.1 174.05
1905 3313 571.0 174.05 1953 3352 575.8 175.50
1906 3821 570.6 173.90 1040 3357 575.5 175.40
1909 3324 570.0 175.75 1942 3861 574.6 175.15
1911 3822 569.8 173.35 1944 3865 573.0 174.65
1913 3920 568.7 173.35 1946 3369 571.4 174.15
1911 3327 569.8 173.70 1949 3372 569.6 173.60
1913 3930 569.4 173.55 1951 5376 568.3 173.20
1916 3332 569.1 175.45
1918 3835 569.1 173.45 P 224
1920 3338 568.6 173.30
1922 3841 568.3 173.35 1344 4077 704.2 214.65
1924 3344 568.2 173.20 1344 4073 703.2 214.35
1925 3847 567.5 172.95 1347 4073 687.6 212.65
1926 3350 568,0 173.15 1943 4072 701.5 213.00
1925 3354 568.1 173.15 1340 4071 702.7 214.20
1925 3353 563.1 173.15 1336 4070 701,3 213.75
1925 3362 567.8 173.05 1344 4069 701.5 213.00
1926 3365 568.O 175.15
1929 3968 567.5 172.95 P 22'
1931 5965 564.3 172.15
1933 3970 566.4 172.65 1955 3396 564.0 171.90
1936 3371 566.7 172.75 1955 3900 563.5 171.75
1939 5973 566.7 172.75 1994 3905 563.6 171.30
1942 5974 566.3 172.60 1953 3909 565.5 171.75
1945 5375 565.3 172.45 1952 3912 563.0 171.60
1952 3915 563.5 171.75
P 222 1953 3920 563.0 171.60
213.60
1956 3919 562.4 171.40
1875 4105 700.8 1954 3924 562.5 171.45
1375 4191 701.2 213.75 1955 3928 562.4 171.40
1975 4997 695.7 212,05 1957 3932 562.5 171.45
1375 4092 692.0 210.90 1959 3936 562.7 171.50
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1962 3939 561.1 171.00
1965 5943 560,8 170.95
1968 3946 560.2 170.75 1985 3956 590.8 180.10
1970 3950 560.4 170.30 1939 3960 589.3 179.60
1972 3954 559.9 170.65 1993 3962 588.3 179.30
1974 3958 559.8 170,65 1998 3962 537.5 179.00
1976 3962 559.7 170.60
1978 3965 559.6 170.55 F 25?
1980 5969 559.2 170.45
1982 3973 558.2 170.15 1935 4058 572.4 174.45
1985 5977 558.2 170.15 1936 4054 571.5 174.20
1989 5979 557.6 169.95 1989 4050 570.8 174.00
1-3 3981 553,8 170.30 1992 4049 569.7 173.65
1997 3983 559.4 170.50 1996 4047 569.8 173.70
2002 3984 558.1 170.10 2001 4045 569.9 173.70
2007 3995 558.1 170.10 2002 4048 570.5 173.90
2012 3985 558.2 170.15 2006 4044 570.4 173.35
2017 3985 557.7 170.00 2010 4045 569.6 173.60
2022 3985 557.7 170.00 2013 4047 569.5 175.50
P 226 F 233
1914 4059 607.8 135.25 1936 3965 574.1 175.00
1917 4040 611.1 136,25 1990 3968 574.0 174.95
1921 4042 609.6 195.80
1925 4043 608.8 185.55 P 234
1929 4044 608.5 185.45
1933 4046 609.2 185.70 2015 4044 568.2 173.20
1937 4047 608.4 185.45 2018 4044 567.8 173.05
1935 4050 607.8 185.25 2022 4043 567.6 175.00
1938 4051 607.5 135.15 2025 4042 567.3 172.90
1943 4053 606.9 185.00 2028 4040 566.4 172.65
2051 4033 566.1 172.55
P 227 2034 4036 566.1 172.55
2056 4034 565.6 172.40
1985 3933 624,6 190.40
1989 3937 621.3 189.35 P 236
1993 3940 622.6 139.75
1997 3943 620.3 189.05 2015 4043 570.5 173.90
2001 3946 618.7 130.60 2018 4042 570.4 173.35
2023 4040 570.2 173.80
P 228 2026 4058 569.8 173.70
2030 4037 569.5 175.60
1941 4041 594.0 131.05 2028 4035 563,7 173.35
1945 4043 593.5 130,35 2027 4034 563.0 173.15
1950 4045 593.3 130.35 2033 4034 563.8 173.35
1955 4047 593.1 180.80 2035 4032 563,4 173.25
1954 4051 593.5 180,90 2038 4029 567.7 173.05





1992 3942 605.9 184.70 2105 3967 59y.3 182.80
293
2109 3964 598.7 182.50
2112 3960 596.3 191.75
2115 3957 595.0 181. 3r>
2118 3954 593.9 181.00
2122 3950 592.3 190.55
2125 3952 591.6 180.30
2129 3954 594.0 131,05
2133 3955 595.6 191.55
2136 3956 593.7 180.95
2140 3957 595.8 181.60
2136 3952 594.5 181.20
2140 3949 595.0 180.75
2143 3945 592.9 180.70
2145 3941 593.2 180.80
F 238
2028 4030 592.1 177.40
2031 4028 532.2 177.45
2033 4025 582.3 177.50
2036 4023 582.1 177.40
2059 4020 582.0 177.40
2043 4018 582.1 177.40
2046 4016 582.3 177.50
2050 4013 582.1 177.40
2053 4011 582.2 177.45
2057 4009 582.7 177.60
2060 4007 583.2 177.75
2071 4006 582.5 177.55
2068 4005 531.7 177.30
2064 4004 531.1 177.10
2061 4003 532.4 177.50
2070 4001 532.2 177.45
2068 3907 532.3 177.50
2066 3993 579.4 176.60
F 239
2145 3977 550.7 167.85
2149 3975 550.0 167.65
2152 3972 551.3 168.05
2154 3968 551.5 168.10
2156 3064 551.7 168.15
2158 3962 549.9 167.60
2159 3959 550.8 167.90
2160 3955 549.3 167.60
2159 3951 543.3 167.10
F 240
2035 4046 597.3 182.20
2038 4043 597.2 182.05
2042 4040 596.4 191.80
2047 4039 595.5 181.50
2050 4035 595.4 131.50
2051 4038 597.0 192.00
2054 4034 594.2 181.10
2058 4033 592.9 180.70
2062 4031 592.7 130.65
2066 4029 595.2 180.80
2070 4027 592.5 180.60
H*3CMCM
2161 3924 581.1 177.10
2160 3920 530.7 177.00
2157 3917 530.5 176.95
2154 3915 581.1 177.10
2165 3923 581.4 177.20
F 243
2175 3917 554.9 169.15
2177 3915 554.5 169.00
2179 3909 555.0 169.15
2182 3905 555.1 169.20
2194 3902 555.3 169.40
2105 3893 556.4 169.60
2182 3395 552.9 168.50
2187 5395 556.4 169.60
2189 3390 554.3 169.10
F 244
2037 4035 563.1 173.15
2040 4053 567.7 173.05
2044 4030 566.7 172.75
2047 4027 566.0 172.50
2050 4023 565.9 172.50
2053 4020 565.3 172.45
2056 4013 565.0 172.20
2061 4018 565.2 172.25
2063 4020 565.5 172.35
2064 4022 565.5 172.35
2065 4016 565.5 172.35
2068 4014 563.9 171.90
2072 4014 562.9 171.55
2075 4014 561.6 171.20
2075 4018 562.3 171.40
2076 4022 563.4 171.70
2077 4027 565.0 172.20
2074 4013 561.4 171.10
2078 4014 561.5 171.15
2082 4016 560.5 170.35
2095 4017 559.5 170.55
2088 4017 559.7 170.60
2091 4017 553.9 170.35
F 245
2184 3910 555.9 168.85
2196 3906 554.3 168.95
2188 3902 553.8 163.80 2224 5994 566.2 172.60
2189 3898 550.6 167.80 2229 3397 565.1 172.25
2233 3838 563.0 171.60
P 246 2233 3390 558.0 170.10
2243 3391 559.0 170.40
2082 4028 591.0 130.15 2247 3394 559.8 170.65
2084 4028 591.8 130.40
2085 4026 591.8 130.40 P 250
2090 4023 591.7 180.35
2094 4020 590.7 180.05 2046 4003 611.5 186.40
2048 4006 614.6 187.35
P 247 2051 4004 615.0 107.45
2053 4002 612.5 136.70
2200 3908 550.1 167.65
2200 5903 549.2 167.40 2043 4000 613.1 138.40
2201 3399 543.4 167.15 2047 4000 617.5 133.20
2202 3395 549.3 167.10 2050 4001 615.1 187.50
2203 3390 547.9 167.00
2204 3835 547.4 166.35 F 251
2205 5384 547.5 166.90
2210 3835 547.4 166.85 2220 3907 546,6 166.60
2201 3833 543.1 167.05 2224 3906 547.5 2.66.80
2208 3830 547.1 166.75 2229 3905 547.2 166.80
2210 3975 546.4 166.55 2233 3904 546.5 166.55
2214 5871 545.6 166.30 2233 3900 545.4 166.25
2217 3863 545.5 166.25 2237 3905 546.0 166.40
2219 3867 545.3 166.20 2242 3901 545.0 166.10
2229 3864 543.9 165.75 2248 3900 544.1 165.95
2232 5864 545.6 166.50
2237 3366 544.5 165.95 F 25?
2241 3868 544.1 165.85
2245 5371 543.2 165.55 2056 5987 573.7 176.40
2249 3374 542.9 165.50 2060 3937 573.8 176.40
2252 3378 543.1 165.55 2065 3937 573.5 176.35
2255 3381 542.6 165.40 2069 3997 574.3 175.05
2253 3335 543.0 165.50 2073 3937 572.8 174.60
2261 3833 542.1 165.25 2077 3997 570.9 174.00
2031 3988 570.0 173.75
P 243 2030 3936 569.9 173.40
2094 5989 569.3 173.50
2043 3993 595.4 191.50 2038 3939 570.1 173.75
2045 3995 596.7 131.95 2091 3990 569.9 173.70
2049 3996 594.6 181.25
P 253
F 249
2227 3876 554.9 169.15
2211 3905 571.1 174.05 2233 3373 554.3 169.10
2212 3905 571.5 174.20 2239 3390 554.5 169.00
2212 3902 563.8 175.35 2243 3332 553.0 169.55
2214 3399 563.4 173.25 2247 3395 554.6 169.05
2216 3895 569.3 173.70 2251 3338 554.3 169.10
2216 3393 569.7 173.65 2253 3392 554.7 169.05
2216 3390 567.4 172.95 2257 3895 554.2 163.90
2219 3396 569.4 173.55 2260 3898 553.1 163.60
2223 3893 569,5 173.60 2264 3902 552.3 163.35
295
2266 3907 550.4 167.75 p ?57
2249 3882 546.6 166,60 2301 3943 542.7 165.40
2252 3335 546.9 166.70 2297 3950 540.9 164.35
2256 3389 545.6 166.30 2296 3951 540.8 164.85
2259 3391 544.3 166.05 2299 5955 540.9 164.85
2500 3960 541.1 164.95
P 255 2503 5959 539.5 164.45
2301 3965 539.0 164.30
2262 3890 541.6 165.10 2302 3969 533,7 164.20
2264 5992 541.0 164.90 2303 3973 553.0 164.00
2267 3396 540.3 164.85 2305 3976 537.6 163.35
2270 3900 540.6 164.75
2274 3903 540.0 164.60 P 258
2277 3903 539.3 164.55
2275 3916 543.4 165.65 2073 4012 562.4 171.40
2276 3920 542.2 165.25 2033 4013 561,3 171.19
2278 3924 541.6 165.10 2086 4014 559.4 170.50
2280 3928 542.1 165.25 2089 4015 558.9 170.35
2282 3931 542.2 165.25 2093 4012 559.0 170.40
2272 3953 540.3 164.35 2092 4010 559.0 170,40
2275 3934 542.3 165.30
2287 3930 540.1 164.60 F 259
2290 3930 540.9 164.85
2235 3935 542.1 165.25 2336 4042 534,5 162.90
2289 3939 539.6 164.45 2337 4045 534.1 162.00
2292 3943 540.1 164.60 2533 4048 533.2 162.50
2340 4050 533.7 162.65
P 256 2343 4050 533.2 162.50
2347 4049 533.4 162.60
20J8 3933 557.4 169.90 2350 4047 532.2 162.20
2041 3906 553.0, 170.10 2352 4044 531.3 161.05
2045 3935 553.0 170.10
2049 3981 557.9 170.05 P 260
2053 3979 557.3 169.35
173.652058 3978 555.5 169.30 2097 4010 569.7
2063 3973 555.9 169.40 2101 4003 563.1 173.15
2067 3973 557.2 169.35 2104 4006 565.7 172.45
2072 3977 556.1 169.50
2074 5973 555.7 169.40 P 262
2076 3991 554.3 169.10
169.752073 3973 555.5 169.25 2102 4000 557.0
2083 3979 555.1 169.20 2104 3997 556.4 160.60
2087 3979 554.4 169.00 2107 3992 555.5 169.30
2092 3930 553.6 168.75 2110 3937 555.3 160.25
2097 3930 553.5 163.70 2113 3983 555.0 169.15
2102 3979 553.7 169.75 2115 3973 553.6 168.75
2108 3978 552.7 168.45 2120 3977 553.5 168.70
2125 3973 554.6 I60.05
2100 5992 556.6 160.65 2125 3933 552.8 168.50
2102 5909 556.2 169.55 2125 3983 554.1 168,90
2104 3986 557.4 169.90 2126 3993 553.7 163.75
2106 3932 555* 9 169.45 2126 3998 555.1 163,60
2130 3980 555.1 168.60 2265 3925 559.7 164.50
2135 3982 552.7 168.45 2266 3928 539.5 164.45
2140 3983 552.5 168.35 2267 3932 539.3 164.40
2146 3983 551.9 168.20 2268 5935 559.1 164.50
P 263 P 365
2431 4037 528.1 160.95 2503 4026 520.5 153.65
2437 4037 527.7 160.35 2503 4025 520.2 153.55
2442 4037 527.4 160.75 2513 4024 519.3 153.30
2447 4036 527.1 160.65 2513 4022 519.4 158.30
2452 4037 526.0 160.30 2523 4021 519,4 153.30
2456 4056 525.8 160.25 2528 4020 518.8 153.15
2461 4036 524.7 159.95 2532 4018 513.4 158.00




2161 3969 552.2 163.30 2537 3934 546.8 166.65
2163 3964 551.6 163,15 2540 3982 546.8 166.65
2165 3959 551.1 168.00 2538 3979 547.1 166.75
2166 3954 550.4 167.75
2166 3948 549.3 167.45 P 268
2167 5943 549.4 167.45
2168 3938 549,5 167.50 2226 3934 578.0 176.15
2170 3933 549.0 167.35 2250 3954 573.4 176.30
2175 3920 543.7 167.25 2230 3943 579.1 176.50
2177 3925 548.5 167.20 2234 3942 578.1 176.20
2181 3922 548.1 167.05 2238 3942 573.9 174.90
2184 3925 547.1 166.75 2243 3941 570.1 173.75
2187 3928 546.8 166.65 2247 3941 567.9 173.10
2186 3920 547.2 166,80 2257 3933 566,4 172.65
2181 3918 547.2 166.80 2262 3938 565.9 172.50
2196 3917 546.8 166,65 2266 3940 566.2 172.60
2201 3916 546,2 166.50 2270 3943 565.0 171.60
2206 3915 545.6 166.30 2275 3050 562.2 171.35
2211 3915 544.6 166.00 2279 3953 561.3 171.10
2216 3915 544.9 166.10 2282 3956 561.3 171.10
2217 3915 544.0 165.80 2286 3959 559.0 170.40
2220 3915 544.6 166.00
2224 3915 543.9 165.80 P 269
2228 3914 543.2 165.55
2232 3913 542.6 165.40 2522 4007 531.8 162.10
2235 3912 543.4 165.65 2526 4006 533.5 162.60
2239 3911 543.9 165,80 2530 4006 536.0 163.35
2242 3909 543.0 165.50 2535 4005 536.0 163.35
2246 3903 541.7 165.10 2531 4O02 551.9 162.10
2250 3907 541.2 164.95 2559 4003 534.0 162.75
2254 3907 542.5 165.35 2542 4000 532.4 162.30
2257 3909 541.8 165.15 2535 3998 550.2 161.60
2260 3911 541.2 164.95 2539 3995 551.1 161.90
2262 3915 541.5 165.05 2542 3991 530.6 161.75
2263 3918 540.9 164.35 2546 3995 550.8 161.30
2264 5921 541.0 164.90 2550 3992 532.6 162.35
2554 3989 532.5 162.30 2654 3944 518.1 157.90
2654 3933 513.9 153.15
P 270 2653 3934 519.6 158.35
2653 3930 520.1 158.55
2292 5951 540.3 164.35 2652 3926 522.0 159.10
2294 3956 539.8 164.55 2652 3921 523.7 159.60
2295 3961 539.4 164.40 2660 3961 515.5 157.10
2297 3966 538.2 164.05 2665 3960 514.9 156.95
2299 3971 537.4 163.80 2669 3953 515.5 157.10
2306 3983 536.5 163.55 2673 3956 515.6 157.15
2309 3997 535.8 163.30 2677 3052 515.6 157.15
2312 3991 535.3 163.15 2631 3949 515.6 157.15
2314 3996 536.1 163.40 2635 3946 514.6 156*85
2315 4001 536.6 163.55 2688 3942 512.4 156.20
2317 4006 536.2 163.45 2691 3933 514.5 156.80
2320 4011 555.9 163.35 2695 3935 512.7 156.25
2323 4016 536.2 163.45 2700 3930 514.0 156.65
2326 4020 535.7 163.30 2702 3927 512.9 156.35
2327 4024 533.9 162.75 2794 3924 510.8 155.70
2328 4029 533.8 162.70 2706 3920 509.6 155.35
2329 4034 532.9 162.45 2710 3917 503.0 154.85
2330 4033 532.6 162.35 2712 3915 503.3 154.95
2331 4042 532.0 162.15 2717 3919 504.7 153.35
2331 4047 530.1 161.55 2720 3922 504.7 153.35
2723 3926 503.4 153.45
F 271
F ?7?
2550 4011 527.5 160.30
2554 4008 527.0 160.65 2361 4043 531.3 161*95
2553 4005 526.3 160.40 2365 4040 530.1 161.55
2562 4002 525.6 160.20 2370 4040 530.0 161.55
2566 3999 526.2 160.40 2369 4044 531.5 161.95
2570 3996 526.4 160.45 2373 4042 529.4 161.35
2575 3994 526.1 160.35 2377 4046 529.5 161.40
2579 3991 525.4 160.15 2331 4048 550.2 161.60
2535 5936 523.4 159.55 2384 4050 529.3 161.35
2589 3983 523.0 159.40
2593 3980 521.1 159.85 F 274
2598 3979 522.9 159.40
2602 3976 523.3 159.50 2402 4041 530.4 161.65
2606 3973 523.1 159.45 2405 4933 530.2 161.60
2612 3970 521.8 159.05 2410 4037 529.7 161.45
2616 3969 522.2 159.15 2414 4038 529.6 161.40
2620 3968 519.3 153.30 2419 4039 529.1 161.25
2625 3968 513.9 158.15 2423 4040 528.9 161.29
2650 3968 520.6 159.70 2423 4041 528.1 160.95
2634 3967 520.9 159.75 2433 4041 529.3 161.35
2639 3966 520.7 153.70 2437 4041 527.9 160.90
2644 3965 519.2 158.25 2442 4041 527.6 160.30
2648 3964 513.3 153.00 2447 4041 527.3 160.70
2652 3963 517.9 157.85 2452 4041 526.3 160.55
2656 3962 513.7 153.10 2456 4040 526.2 160.40
2656 3953 515.4 157.10 2461 4040 525.4 160.15
2655 3954 517.7 157.30
2655 3949 519.2 157.95
298
P 276 2452 4056 557.9 170.05
2456 4055 558.3 170.15
2425 4044 335.0 165.05 2460 4054 553.0 170.10
2429 4044 535.1 163.10 2463 4052 557.7 170.00
2465 4050 557.6 169.95
F 277 2468 4049 556.0 169.45
2472 4049 554.5 169.00
2666 3987 510.3 155.55 2476 4048 552.8 168.50
2671 3987 509.5 155.50 2480 4043 551.3 168.05
2675 3986 509.4 155.25 2484 4048 550.5 167.80
2680 3985 509.3 155.25 2487 4049 549.9 167.60
2684 5934 508.5 155.00 2486 4054 552.1 168.30
2688 3933 508.3 154.95 2485 4056 553.4 168.70
2692 3981 507.4 154.65 2484 4060 554.9 169.15
2696 3979 507.2 154.60 2485 4064 554.3 168.95
2699 3976 506.8 154.45 2432 4068 554.1 168.90
2702 3972 506.2 154.30 2481 4072 554.0 163.85
2704 3969 506.5 154.40 2480 4076 553.3 163.80
2706 5966 506.0 154.25 2494 4075 552.4 168.35
2704 3962 506.0 154.25 2483 4075 551.4 168.05
2701 5959 506.6 154.40 2492 4077 550.3 167.75
2698 3956 507.0 154.50 2496 4073 548.9 167.30
2707 3962 505.6 154.10 2476 4074 554.2 168.90
2709 3958 504.1 153.65 2472 4073 555.0 169.15
2718 3954 505.1 153.95 2468 4072 556.0 169.45
2711 3950 506.0 154.25 2465 4070 556.8 169.70
2713 3946 506.1 154.25 2430 4030 553.1 168.60
2716 3942 505.4 154.05 2430 4084 552.9 169.50
2719 5958 504.6 155.80 2479 4087 553.0 163.55
2721 3935 504.5 153.75
2724 3932 503.6 153.50 F 281
2727 3929 505.4 153.45
2750 3926 503.2 155.40 2732 5394 523.4 159.55
2780 3894 523.2 159.45
P 278 2734 3891 525.3 160.25
2440 4048 549.3 167.45 P 232
2444 4043 550.7 167.35
2448 4047 550.5 167.30 2508 4039 545.7 166.35
2452 4046 550.6 167.80 2513 4040 547.6 166.90
2456 4046 550.0 167.65 2517 4042 547.1 166.75
24»0 4045 550.7 167.35 2522 4043 546.6 166.60
2526 4045 547.1 166.75
F 279 2527 4046 547.2 166.80
2527 4050 544.4 165.95
2685 3965 510.7 155.65 2327 4055 542.9 165.50
2689 3961 510.8 155.70 2527 4059 542.1 165.25
2693 3958 510.4 155.55 2527 4064 542.5 165.35
2690 3955 509.4 155.25 2532 4047 548.4 167.15
2695 3054 508.8 155.10 2537 4047 543.0 167.05
2698 3950 507.3 154.65 2537 4951 546.8 166.65
2533 4056 544.6 166.00
F 280 2533 4061 543.5 165.65
2541 4046 549.2 167.40
2447 4057 557.3 170.00 2546 4044 548.7 167.25
299
2550 4042 547.4 166,85
2563 4039 546.6 166.60
2568 4033 544.7 166.00
2573 4041 545.0 I66.10
2573 4040 544.6 166.00
2532 4039 547.9 167.00
2583 4043 543.0 167.05
2537 4038 550.3 167.93
2592 4037 552.3 163.50
2596 4036 554.0 163.85
2600 4035 551.7 168.15
P 233
2734 3895 523.8 159.65
2736 3892 523.9 159.70
2733 3889 523.3 159.65
2790 3396 524.0 159.70
2792 3332 523.5 159.55
2793 397B 524.3 159.95
P 234
2505 4032 521.7 159.00
2510 4031 520*3 153.75
2515 4030 520.7 158.70
2520 4030 520.6 158.70
2525 4023 520.2 153.55
2530 4026 520.2 153.55
2551 4030 519.1 153.20
2532 4034 519.0 159.20
2555 4023 513.5 158.05
2539 4020 516.4 157.40
2544 4018 516.7 157.50
2549 4017 516.9 157.55
2555 4016 516.7 157.50
2560 4015 516.0 157.30
2965 4014 515.3 157.20
2569 4013 516.3 157.35
2563 4013 514.4 156.80
2566 4022 515.5 157.10
2564 4025 517.5 157.75
2572 4011 517.2 157.65
2576 4009 516.3 157.35
2530 4007 515.9 157.25
2535 4015 515.6 157.15
2590 4003 514.6 156.85
2595 4002 514.3 156.75
2595 400? 513.7 156.60
2595 4012 513.3 156.60
2595 4017 515.3 157.05
2595 4022 513.3 153.00
2599 4000 513.3 156.60
2605 3999 513.6 156.55
2610 3997 511.6 155.95
2615 3996 512.5 156.20
2620 3996 512.3 156.15
2625 5995 511.5 155.90
2630 3994 512.7 156.25
2632 3999 511.7 155.95
2634 4003 512.5 156.20
2635 4008 511.5 155.90
2637 4013 511.4 155.35
2634 3992 513.0 156.55
2638 3939 512.1 156.10
2642 3936 511.9 156.05
2647 3936 511.5 155.90
2652 3937 511.2 155.30
2657 3989 511.3 155.35
2660 3991 510.2 155.50
2664 3995 509.3 155.40
2667 3998 503.7 155.05
2670 4002 508. 6 155.00
F 285
2767 3915 499.5 152.25
2771 3914 501.0 152.70
2775 5913 500.9 152.65
2778 3910 500.7 152.60
2732 3903 500.3 152.50
2785 3906 499.4 152.20
2789 3904 499.4 152.20
2791 5899 499.3 152.20
2793 5395 499.4 152.20
2795 3897 498.6 151.95
2793 3392 499.3 152.35
2797 3893 499.4 152.20
2801 3891 498.3 152.05
2304 3889 499.1 152.15
2808 3888 493.9 152.05
2313 3888 498.6 151.95
2312 3384 490.2 152.15
2311 3880 498.3 152.05
2317 3838 497.9 151.75
2821 5887 497.1 151.50
2326 3987 495.3 151.10
2329 3888 495.7 151.10
2331 5888 494.2 150.65
2355 3839 493.9 150.55
2333 3990 494.2 150.65
2342 3891 494.6 150.75
2046 3892 495.9 151.15
2850 3895 495.9 151.15
2854 3893 495.5 151.05
2858 3992 494.2 150.65
2850 3383 495.4 151.00
2858 3834 494.3 150.65
2359 5880 494.5 150.70
2359 5375 493.1 151.80
300
2059 3371 496.1 151.20 F 283
2860 3367 495.9 151.15
2060 3362 496.9 151.45 2726 3968 505.3 154.00
2062 3891 494.9 150.85 2731 3967 505.3 154.00
2865 5889 494.7 150. s30 2735 3966 504.7 153.35
2368 5883 494.7 150.80 2733 3963 504.5 153.75
2872 3337 494.3 150.65 2741 3960 504.6 155.80
2876 3836 494.3 150.80 2745 3958 505.8 153.55
2880 3886 494.0 150.55 2749 3956 502.9 153.30
2884 3885 493.6 150.45 2753 3954 505.9 155.60
2883 3385 493.7 150.50 2758 3952 503.8 153.55
3392 3885 493.5 150.40 2757 5957 505.3 153.40
2396 3885 493.6 150.45 2756 3961 505.0 155.50
2900 3885 492.4 150.10 2759 3946 503.5 153.45
2902 3882 493.2 150.35 2765 3946 503.2 153.40
2903 3873 492.9 150.25 2767 3943 502.5 153.15
2905 3374 491.7 149.35 2771 3941 501.5 152.35
2904 5370 491.3 149.90 2775 3938 500.4 152.50
2905 3866 491.9 149.95 2777 3934 500.4 152.50
2905 3364 492.2 150.00 2780 3929 500.8 152,65
2903 3366 493.1 150.30 2783 3926 501.1 152.75
2912 3979 492.3 150.05
2912 3883 491.8 149.90 P 289
2916 3833 491.7 149.85
2921 3334 492.6 150.15 2983 3898 439.9 149,30
2924 3885 491.9 149.95 2990 3902 489.0 149.05
2928 3836 491.9 149.95 2993 3905 483.6 143.90
2932 3887 491.3 149.75 2995 5907 488.8 149.00
2936 3838 491.6 149.85 2997 3910 488.6 143.90
2940 3889 492.2 150.00 5000 3914 487.9 143.70
2942 3837 492.0 149.95 3000 3918 487.4 143.55
2945 3385 491.1 149.70 3005 3920 407.1 143.45
2943 3331 491.1 149.70 3010 5922 486.4 143.25
2950 3879 439.7 145.25 3015 3923 485.3 147.90
2944 5888 491.2 149.70 3020 3922 485.6 143.00
2948 3888 491.0 149.65 3025 3920 485.6 143.00
2952 5839 490.6 149.55 303-0 3919 434.6 147.70
2957 5339 490.3 149.45 3035 3917 483.5 147.40
2961 3839 489.1 149.10 3040 3916 483.8 147.45
2965 3889 483.6 148.95 3045 3915 482.0 146.90
2969 5839 483.5 148.90 3050 3915 482.5 147.05
3050 3912 481.0 146.60
P 286 3050 3917 483.0 147.20
3055 3916 483.9 147.50
2755 3978 531.9 162.10 3060 5916 432.6 147.10
2760 3977 528.5 161.10 3064 3917 432,3 147.00
2765 3977 527.3 160.70 3060 3917 433.O 147.20
2769 3976 524.7 159.95 3073 3918 432.7 147.15
2774 3076 524.4 159.35 5074 3913 482.0 146.90
2773 3975 524.1 159.75 3075 3909 480.7 146.50
2731 3977 523.5 159.55 3077 3905 481.8 146.35
2735 3978 524.0 159.70 3074 3904 430.9 146.55
2739 3979 524.3 159.95 3078 3900 481.0 146.60
301
3080 3395 478.6 145.85 2750 3923 501.3 152.80
3082 3890 480.0 146.50 2754 3927 501.8 152.95
3084 3836 473.3 145.80 2759 3926 501.4 152.35
3086 3835 478.4 145.80 2762 3925 500.5 152.55
3085 3830 479.1 146.05 2766 3924 500.1 152.45
3080 3873 478.3 145.95 2770 3922 500.1 152.45
3088 3878 473.7 145.90 2774 3920 499.9 152.35
3090 5873 473.6 145.35 2773 3918 499.9 152.55
3090 3863 473.7 145.90 2732 3916 499.7 152.30
3089 3863 478.8 145.95 2736 3913 499.6 152.30
3089 3858 479*9 146.25 2790 3912 500.0 152.40
3080 3853 479.2 146.05 2794 3910 498.7 152.00
3087 5848 479.9 145.35 2799 3909 498.5 151.95
3082 3948 478.6 145.85 2303 3903 493.6 151.95
3077 3843 476.9 145.35 2806 3905 497.7 151.70
3086 3845 478.0 145.70 2310 3902 497.0 151.50
3086 3333 477.6 145.55 2315 3902 497.1 151.50
3086 3933 476.4 145.20 2819 3902 497.1 151.50
3085 3328 477.4 145.50 2322 3901 493.0 151.80
3085 5823 476.9 145.35 2326 3902 497.6 151.65
3085 3810 475.8 145.QO 2826 3907 496.8 151.40
3085 3813 475.6 144.95 2826 3912 496.7 151.40
3084 3808 475.0 144.75 2829 3903 496.3 151.25
3082 3804 475.2 144.35 2833 3904 495.2 150.95
3080 5800 475.0 144.75 2336 3905 494.7 150.80
3076 3327 477.0 145.40 F 291
3072 3325 476.5 145.25
3069 3822 476.0 145.05 3009 3904 504.3 153.70
3065 3320 473.9 145.95 3013 3906 502.6 153.20
3077 3822 477.3 145.50 3018 3908 502.5 153.15
3077 3816 476.8 145.30 3023 3908 502.9 153.30
3078 5311 477.4 145.50 5027 3906 502.4 153.11
3078 5305 476.9 145.35 3031 3903 501.7 152.95
3077 3300 475.9 145.05 3035 3900 501.4 152.30
3075 3794 475.2 144.85 3053 5996 500.7 152.60
3073 3789 474.0 144.45 3041 3993 499.6 152.30
3071 3735 473.8 144.40 3045 3891 498.1 151.80
3070 3781 473.5 144.30 3049 3899 496.6 151.35
5069 3776 474.0 144.45 3056 3831 499.1 152.15
3068 3771 473.3, 144.25 5058 3377 499.4 152.20
3060 3873 499.0 152.10
P 290 3061 3868 497.7 151.70
5063 3864 495.8 151.10
2724 5955 504.4 153.75 3059 3861 493.2 150.35
2724 3958 504.6 153.30 3056 3858 491.7 149.35
2725 5962 504.9 153.90 3065 3361 494.9 150.35
2725 3951 503.6 153.50 3067 3856 493.1 153.30
2727 3947 505.9 153.60
2729 3944 504.0 153.60 P 202
2732 3940 502.6 153.20
2735 5937 503.4 153.45 2769 305B 521.5 158,95
2738 3954 503.1 153.35 2776 3949 513.9 153.15
2742 3932 502.2 153.05 2773 3954 518.0 157.90
2746 3030 500.9 152.65 2731 3953 513.0 157.90
302
2782 3949 518.2 157.95 2901 3910 519.1 158.20
2735 5950 517.3 157.65
2738 3952 513.1 157.90 F 297
2792 5954 518.5 158.00
2795 3956 519.0 153.20 3059 3313 483.3 147.45
2800 3958 519.0 158.20 3060 3311 434.3 147.60
2804 3959 519.0 153.20 3063 3807 436.3 148.20
2309 3959 519.8 153.45 3060 3806 486,2 148.20
3063 3802 434.5 147.65
P 293 3062 3797 430.9 146.55
5077 5874 493.1 150.50 P 298
5078 3870 492.3 150.05
5077 3865 489.4 149.15 2373 3895 496.5 151.35
5076 3361 489.0 149.05 2873 3394 496.7 151.40
5075 3856 487.7 143.65 2893 3393 490.3 151.90
5073 3951 486.0 143.15 2888 3392 497.6 151.65
3070 3946 483.8 147.45 2888 3896 494.6 150.75
3070 3340 482.8 147.13 2392 3392 495.4 151.00
3070 3335 432.6 147.10 2396 3392 493.5 150,40
3068 3836 481.3 146.85 2901 3392 492.8 150.20
3069 5830 481.1 146.60 2906 3392 492,5 150.10
3067 3027 477.8 145.65 2910 3893 492.3 150.05
P 294 F 299
2734 3940 509.4 155.25 3120 3706 470.6 143.45
2733 3939 509.1 155.15 3124 5703 470.7 143.45
2793 3938 508. 3 154.95 3127 3701 471.2 143.60
2797 3937 508.7 155.05 3130 3698 470.2 143.30
2301 5936 507.9 154.80 3134 3698 470.6 143.45
2305 3936 507.8 154.30 3133 3697 470.2 143.30
2309 3935 508,6 155.00 3142 3696 469.7 143.15
2809 3930 508.2 154.90 3147 3695 470.2 143.30
2808 5926 508.8 155.10 3151 3693 469.6 143.15
2913 3934 507.9 154.80 3156 3691 469.2 143.00
2813 3933 507.4 154.65 3161 3689 468.7 142.85
3165 3687 468,4 142.75
F 295 5169 3685 463.2 142.70
3173 3683 467.5 142.50
3053 3333 499.0 152.10 3176 3688 465.7 141.95
3051 3832 500.1 152.40 3170 3679 467.9 142.60
3054 3829 498.7 152.00 3167 3675 467.3 142.60
3055 3825 497.4 151.60 3164 3671 467.1 142.35
335- 3321 495.5 151.05 3161 3667 466.0 142.05
3057 3317 494.4 150.70 3176 3680 467.0 142.35
3130 3677 466.9 142,30
P 296 5183 3674 466.6 142,20
3136 3671 466.9 142.30
2369 3901 513.9 153.15 3190 5668 466,8 142.30
2881 3906 518.5 158.03 3193 3665 466.5 142.20
2886 3907 518.3 153.15 3196 3662 466,1 142.05
2835 3910 521.7 159.00 3200 3659 465.8 142.00
2891 3908 517.1 157.60 5201 3655 465.5 141.90




















































465.2 141.90 r 591
465.7 141.95
464.6 141.60 3133 3597 483.4 147.55
464.1 141.45 3134 3593 494.0 147.50
464.1 141.45 3155 5580 433.7 147.45
463.5 141.25 3136 5576 403.3 147.45
462.6 141.00
462.2 140.90 F 30,2
461.9 140.75
461.6 140.70 2917 3991 491.9 149.95
462.9 141.10 2922 3892 491.3 143.75
462.1 140.95 2926 3993 491.2 14".70
461.1 140.55 2930 3995 491.0 143.65
461.4 140.65 2934 3806 490,0 149.35
461.3 140.60 2939 5897 439.0 149.00
460.8 140.45
460.5 140.35 F 591
459.6 140.10
459.9 140.15 2932 3929 5H.9 156.05
460.6 140.40 2957 3920 513.9 156.60
461.0 140.50 2939 3923 513.4 156.50
460.5 140.35
459.9 140.20 P 505
459.9 140.20
459.9 140.20 3230 3583 469.5 142.30
460.6 140.49 3233 3579 469,2 143.00
459.7 140.10 5236 3076 470.6 143.45
460.2 140.25 5239 3572 469.4 143.05
460.2 140.25 3244 3569 464.0 141.45
459.4 140.05 3247 3565 464.9 141.65
459,4 140.95
459.6 139.90 P 50<!
459.6 139.90
453.4 159,70 2942 3921 506.0 154.25
459.0 139.90 2946 5922 507.0 154.56
459.3 140.00 2950 5923 506.4 154.35
459.0 139.90
F 597
3245 3525 547.2 166,90
509.0 155.15 3247 3529 542.9 165.50
509.7 155.35 3249 3533 540.6 '164.75
509.0. 154.95 3250 3537 539.5 164.45
506.4 154.35 31251 3541 539.5 164.15
503.9 155.10 3253 5544 537.2 163.75
509.4 155.25 5257 5545 556.0 163.60
506.1 154.25 3256 3543 555.5 165.15
507.7 154.75
597.5 154.70 F 308
507.4 154.65
507.1 154.55 2958 3952 599.4 154.95
505.2 154.00 296? 3935 503.5 155.00
500.8 152.65 2966 3939 505.3 154.15
2956 3922 598.5 155.00 2997 3943 500.4 152.50
2960 3924 598.1 154.85 2998 3939 500.6 152.60
2960 3928 508.2 154.90 2995 3946 500.6 152.60
2904 5950 49% 9 152.35
F ?0? 2992 3954 499*5 152.25
543.6
3092 3944 499.2 152.15
3256 3522 165.70 3008 3945 499.2 151.35
5262 3522 540.2 164,65 3017 3947 493.3 150.50
3266 3525
"
537.3 163.75 3023 5943 494.5 150.65
3269 3527 537.2 163.75 3927 5949 497.7 151.70
3932 3950 501.4 152.35
F 310 5931 5950 501.5 152.35
3396
3033 3^46 499.0 152.10
2922 493.5 150.35 5054 3951 503.0 153.50
2026 3397 491.1 149.70 3939 3952 504.7 153.85
2930 3398 491.5 149.80
2933 3899 490.6 149,55 F 3^5
2937 3900 490.2 149.40
2941 3909 490.1 149.40 3305 3515 479,7 146.20
2944 3901 489.9 149.30 3309 3512 479.0 146.00
2944 3903 489.8 149.30 5301 3514 479.6 146.20
2943 3399 439.2 149.10 3298 3516 431.1 146.65
2953 3898 439.5- 149.20 3294 3517 432.6 147.10
2953 3897 438.1 143.75 3306 3517 477.4 145.50
2963 3396 438.7 143.95 5307 3521 475.8 145.00
2063 3895 439.9 149.00 3308 3525 474.2 144.55
2975 3996 438.5 148.90 5309 3529 472.4 144.00
2972 3901 488.0 148.75 5510 3534 470.7 143.45
2971 3906 497.2 148.50 5311 3533 467.6 142,50
297-9 3910 487.1 143.45 3312 3542 465.9 142.00
2960 3915 487.1 148,45 3313 3546 464.1 141.45
2967 3920 437,1 143,45 3314 3550 462.1 140.35
2979 3398 489.1 143.75 3315 3554 461.3 140.60
2932 3902 437.7 143.65 3316 35 3 460.9 140.50
2986 3905 489,0 149,05 5316 3565 461.1 140,55
2989 3909 487.2 143.50 3317 3567 459,2 139.95
2985 3913 436.0 143.15
2982 5913 436.9 143.40 F 314
2991 3915 437.3 143.55
2992 3920 487.1 143.45 2968 5924 499.8 152.35
2994 3925 435.9 143.10 2972 3924 499.0 152.10
2976 3925 499.6 152.30
F 312 2975 3927 499.8 152.35
2930 3926 499.3 152.20
2972 3935 504.3 153.70 2984 3927 499.0 152.10
2975 3933 503.0 155.50
2973 3941 592,3 155.25 F 318
2971 3943 594.1 155.65
2978 3935 591.8 152.95 3321 3575 460.2 140.25
2930 3n32 591.6 152.90 3324 3573 459.6 140.10
2930 3939 4^9.7 152.50 3327 3531 459,3 140.00
2964 3940 497.9 151.75 3330 3535 459.5 139.75
2999 3941 497.9 151.75 3333 3589 459.6 139.80
2992 3°42 497.9 151.75 3536 3592 453.2 139.65
305
3340 3597 459.9 139.95 3450 5692 445.8 135*90
3541 35 °5 454.8 139.60 3554 3695 446.1 136.00
3344 3591 454.9 138.65 3459 3694 445.6 135.80
3346 3597 454.7 138.60 3463 3695 445*1 155.65
3343 3503 454.8 138.60 5466 3696 444. S 135.60
3351 3579 454.4 158.50 3470 3697 443.5 135.20
3553 3575 454.7 138,60 3474 5698 444.0 135.35
3355 3571 455.9 139.35 3473 3699 444.5 135.50
3341 5601 457.2 139.55 3481 3700 444.2 135.40
3345 360J 457.1 139.30 3484 3700 445.3 135.10
3349 3605 456.6 139.15 3499 3699 442.2 134.00
3353 3607 455.6 139.85 3489 3695 441.1 134.45
5357 3608 455.8 138.95 3430 3691 442.3 134.90
3361 5608 455.1 138.70 5490 3686 441.9 154.70
3366 3608 454.9 139.65 3490 5681 440.9 134.40
3370 5608 453.4 138.20 3494 3609 442.9 135.00
3374 3607 454.1 138.40 3499 36^6 442.5 134.95
3502 3694 442.5 154.85
f M 3506 3694 442.2 134.00
3511 3695 441.5 134.55
3018 3931 486.1 148.15 3516 3698 441.1 154.45
302? 3930 485.5 143.00 3520 37 >0 440.2 134.15
3027 3928 495.2 147.90 3524 3703 439-7 134.00
3031 3925 494.4 147.65 3527 3706 439.9 134.10
3035 5?23 493.7 147.45 3531 3709 439.7 134.00
3039 3922 434.5 147.70 5535 3711 433.6 153.70
5-040 3926 493.7 147.45 3539 3714 437.3 133.45
5040 3950 493.4 147.35 3542 5716 437.2 133.25
3044 3923 495.9 147.50 3546 5713 437.1 133.25
3050 3923 493.4 147.35 3551 3719 436,1 132.90
3055 3924 432.9 .147.20 3555 5713 436.1 132.90
5-060 3926 4^2.0 146.90 3559 3716 435.6 132.75
3064 3929 430.7 146,50 3563 3713 434.3 132.55
3069 3935 492.1 146.95 5566 3710 434.3 132.35
3569 5707 433.3 132.20
P. 317 3572 5703 433.3 132.05
5575 3700 434.6 152,45
3394 5645 450.5 137.50 3578 5697 434.4 132.40
5397 3649 459.5 157.30 3591 5695 455.3 132.70
3400 3651 459,3 137.25 3585 5691 43s-.4 132.70
3402 5654 449,9 137.10 3590 3690 456.3 153.00
3404 3657 449,6 137.05 3594 3639 455.3 132.70
3406 5660 449.4 157.00 3590 3690 434.2 132.35
3410 3663 449.0 156.85 3603 3691 453.6 132.15
3413 3666 443.2 136.60 5612 3673 432.9 131.90
3416 3669 443.1 156,60 3616 3678 432.4 131.80
3420 3672 443,9 156.90 3620 5679 430.7 131.30
3423 3675 448.7 136.75 3624 3690 431.6 131.55
3425 367 ! 449,4 136.*0; 3627 3699 432.1 131.70
3420 3681 449.0 136.85 3626 369C; 451.4 131.50
3431 3614 449.0 136.85 3629 3673 430.6 151.25
3435 36 97 443.4 136.65 5631 3675 429.4 130.90
3439 3689 447,7 136.45 3632 3673 432.1 131.70
5443 5690 445.7 135.35 3630 5695 431.0 131.35
34-:6 3601 446.1 136.00 5634 3635 430.0 151.35
306
3635 3685 431.4 131.50 3669 3637 444.4 135.45
3644 3695 426.9 13O.IO 3669 3685 447.6 136.45
3643 3697 427.3 130.25 3670 3684 450.1 137.20
3651 3699 426.9 150.10 3671 5633 452.5 137.90
3654 3701 426.8 130.10 3671 3691 439.0 133.80
3658 3703 426.8 130.10 3675 3692 436.9 135.15
3662 3704 426.9 130.10 3673 3692 437.2 133.25
3666 5706 425.7 129.75 5602 3692 455.3 132.70
3670 3700 428.0 130.45 3685 5692 454.4 132.40
5670 3708 427.2 130.20 3697 5691 435.9 132.25
3674 3709 427.4 150.25 3690 3691 439.2 133.85
3678 3710 426.6 130.05
5632 3711 425.4 129.65 P 322
3636 3712 425.5 129.70
3669 3715 425.7 129.75 3081 3793 473.6 144.35
3691 5709 426.1 129.90 3079 3738 473.7 144.40
3693 3706 425.8 129.89 3077 3784 473.1 144.20
3695 3702 426.6 130.05 5075 3779 472.4 144.00
3693 3713 4?4.8 129.50 3074 3774 472.7 144.10
3697 3715 426.8 130.10 3074 3769 472.9 144.15
3701 3716 426.3 129.95 3074 3765 472.6 144.05
3705 3713 425.4 129.65 >978 3765 471.8 143.80
5709 3720 424.3 129.35 3031 3765 472.0 143.35
3713 3722 424.9 129.50 5074 3760 472.2 143.95
3715 3723 424.8 129.50 3075 3755 471.7 143.75
3076 3750 471.8 143.30
P 513 3078 3745 471.6 143.75
5031 3741 470.8 143.50
3032 3933 434.4 147.65 3034 3733 471.3 143.65
3037 39 34 490.3 149.45 3083 3735 471.1 143.60
3042 3936 496.5 151.35 3092 5732 470.9 143.55
5096 3729 470.2 143.30
P 320 3100 3726 468.7 142.35
3104 5723 469.4 143.05
5073 3924 482.5 147.00 3108 3721 468.3 142.75
3079 3919 431.5 146.75 3112 3719 468.4 142.75
3030 3914 431.4 146.75 3117 3715 468.1 142.70
3032 390Q 431.5 146.70 3121 3713 467.9 142.60
3034 3905 430.9 146.60 3126 3710 468.0 142.65
3036 3906 430.6 146.50 3130 3708 467.7 142.55
5085 3901 430.4 146.45 3135 3705 467.6 142.50
3087 3896 490.0 146.50 3140 3703 467.2 142.40
3083 3391 470.3 146.10 3144 3701 467.4 142.45
3090 3387 473.9 146.00 3148 3709 467.3 142.45
3092 5333 473.2 145.75 3153 3699 466.6 142.20
5157 3698 466.5 142.20
P 321 3161 3697 466.6 142.20
3662 3676 450.1 137.20 F 323
3663 3679 446.3 136.09
3663 3633 443.0 135.05 3722 3725 463.4 141.25
3664 3685 459.2 133.95 3725 3728 466.0 142.05
3666 3687 433.6 133.70 3729 3724 461.9 140.75
3663 3639 439.2 135.85 3731 5721 466.1 142.05
3668 3639 441.7 134.65 3729 3730 465.8 141.35
307
F 524 5931 3759 419.1 127.45
3935 5756 417.4 127.20
3089 3789 496.4 143.25
3097 3784 487.0 149.45 F 328
3099 3779 497.2 148.50
3088 5774 488.4 148.85 3107 3741 479.4 146.10
3093 3775 495.5 148,00 3109 3738 479.7 146.20
3099 3769 497.8 148.70 3112 3735 478.9 145.95
5090 3763 487.2 148.50
3091 3758 496.2 148.20 F 329
3091 3753 4B5.0 147.85
3094 3757 432.5 147.05 3762 3738 469.0 142,95
3097 3761 480.5 146.45 3766 3740 465.2 141.80
3100 3765 478.2 145.75
5091 3748 434.1 147.55 F 530
F 525 3117 3738 483.9 147.50
3118 3735 494,4 147.65
3731 3736 459.7 140.10 3121 3732 483.0 147.20
3735 5758 457.4 139.40 3119 3729 481.5 146.75
3740 3739 457.8 159.55 3125 3729 480.7 146.50
3745 3740 453.9 139.85
F Yll
F 326
3784 3745 458.9 139.95
5084 3761 477.4 145.50 3794 3740 458.2 139.65
3087 3757 476.7 145.50 3799 5744 447.6 136.45
3095 3757 477.7 145.60
3087 3753 477.8 145.65 F 352
F 327 3135 3739 493.7 147.45
3136 3735 494.4 147.65
3741 3745 425.9 129.80 3139 3732 487.1 143.45
3745 3747 424.7 129.45 3143 3723 492.8 150.20
3749 3748 424.9 129.50 3147 3721 492.1 150.00
5753 3750 423.1 128.95 5192 5719 494.7 150,80
3757 3752 423.4 129.05 3153 3720 494.9 150.85
3761 3754 422.9 128.90 3156 3717 494.0 150.55
3765 5756 422.5 128.80 3161 3716 491.1 149.70
3770 3758 421.2 128.40
3774 3759 420.4 128.15 F 333
3779 5761 421.5 128.45
125.603792 3764 421.8 128,55 5957 3728 412.0
3783 3759 421.2 128.40 3941 3726 411.1 125.50
3796 3766 420.9 128.30 3945 3724 411.5 125.45
3790 3768 421.2 128.40 5950 3722 412.1 125.60
3794 3770 421.5 123.45 3955 3720 411,6 125.45
5799 3771 420.6 123.20 3953 3717 411.3 125.35
3803 3771 420.4 123.15 3960 3719 411.2 125.35
3807 3770 420,1 123.05 3965 3715 410.8 125.20
3912 3769 419.6 127.90 3966 3711 410.6 125.15
3816 3768 419.1 127.75 3968 3706 411.5 125.35
3021 3767 418.6 127.60 3970 3702 409.5 124.80
3925 3765 418.3 127.50 3972 3699 409.7 124.90
3029 3762 419.3 127.50 3°74 3693 409.3 124.75
308
5976 3689 409.1 124.70 3250 3609 462.1 140.85
5976 3684 409.4 124.80 3252 3605 462.0 140.80
5979 3679 408.5 124.50 5255 3602 462.2 140.90
3990 3675 408.2 124.40 3259 3600 461.8 140.75
3982 3667 406.4 125.85 3261 3598 460.7 140.40
3984 3663 406.9 124.00 3265 3595 460.4 140.35
3269 3593 460.5 140.35
F 334 3272 3591 460.5 140.35
3276 3590 460.5 140.35
5105 3724 473.6 144.35 5279 5589 460.1 140.25
3199 3722 472.6 144.05 3283 3588 458.7 139.30
3113 3719 472.1 143.90 3287 3586 460,6 140.40
3119 3716 471.1 143.60 3290 3585 460,0 140.20
3122 3713 471.3 143.65 3294 3583 459.9 140.20
3127 3711 470.3 143.35 3297 3581 459.7 140.10
3132 3709 469.7 143.15 3301 5580 459,3 140.00
3134 3711 471.2 143.60 3305 3578 459.4 140.05
3137 5715 471.3 143.65 3309 3577 459.4 140.05
3138 3717 471.2 143.60 5313 5577 459.5 140.^5
3157 3710 469.4 143.05 3317 3579 458.5 139.75
3140 3709 469.3 143.05 5320 3582 458.5 139.75
3144 3708 469.4 143.05 3316 3585 455.5 133.85
3149 3707 469.2 143.00 3313 3588 456.3 139.10
3152 3706 469.0 142.95 3309 3591 457.1 139.30
3155 3705 470.4 143.40 3306 3594 456.1 139.00
3158 3705 472.3 143.95 3322 3585 458.4 139.70
3162 3701 472.2 143.95 3325 5588 458.6 139.80
3165 3699 471.8 143.80 3328 5591 458.5 139.75
3168 3698 470.5 143.40 5531 3594 457.6 139.50
3172 3696 469.8 143.20 3333 5598 457.3 139.40
3175 3694 468.8 142.90
5179 3693 468.1 142.70 *3 04 CO
3182 3691 468.0 142.65
3185 3689 468.2 142.70 3255 5620 472.2 143.85
3189 3697 467.8 142.60 3258 3618 473.5 144.30
3191 3695 466,9 142.30 3262 3617 473.6 144.35
3194 3692 466.8 142.30 3265 3616 473.8 144.40
3269 3615 473.6 144.35
P 335 3273 3613 473.5 144.30
3277 3611 473.0 144.15
3942 3717 466,3 142.15 3281 3609 472.4 144.00
3946 3714 466.1 142.05 3285 3608 472.2 143.95
3949 3710 462.9 141.10 3209 3607 473.1 144.20
3952 3706 461,8 140.75 3292 3606 473.1 144.20
3954 3702 460.7 140,40 3292 3610 471.7 143.75
3957 3706 460.4 140.35 3292 3614 472.5 144.00
3961 3702 459.6 140.10 3293 3618 470.9 143.55
3293 3622 471.2 143.60
P 336 3293 3626 470.7 143.45
3294 5650 471.7 143.75
3239 3624 463.1 141.15 3294 3634 471.9 143.85
3241 3621 463.5 141.25 3294 5637 472.7 144.10
3243 3618 463.6 141.30 3296 3605 472.5 144.00
3245 3615 462.7 141.05 3300 3604 471.2 143.60
3247 3612 462.1 140.85 3304 3603 471.6 143.75
309
3307 3606 471.3 143.65 F 344
3310 3603 470.9 143.55
3310 5611 470.4 143.40 3336 3601 457.0 139,30
3313 5613 470.8 145.50 3339 5605 457.6 139.50
3316 3616 471.6 143.75 3342 3608 457.0 139,30
3320 3618 470.9 143.55 3346 5611 456,4 139.10
3330 3609 468,5 142.80 3349 5613 456.4 159.10
3333 3611 466.5 142.15 3353 3615 456.3 139.10
3337 3612 464.5 141.50 3357 3616 455.3 138,80
3362 5616 455,4 133.80
F 339 3366 3616 454.8 138.60
3363 3619 455,1 138.70
4170 3629 399.6 121,80 3361 5623 455.1 138.70
4172 5630 399,6 121.80 3558 3626 456,8 139,25
4173 3631 399.3 121.70 3555 3629 459,6 139,80
4179 3631 390.2 121,35 3370 5619 455.9 138,95
4132 3650 397.1 121.05
4195 3628 398.2 121.35 ■ji e. ON
4138 3625 398,0 121.30
4191 3623 396.8 120.95 3381 3623 453,5 138.25
3393 3655 452,6 137,95
F 340 3385 3636 452.5 137.90
3337 3640 452.5 137.90
3235 3593 469.1 143.00 3339 3643 452.1 157,30
3235 5599 467.5 142.45 3591 3647 451.5 137.60
3238 3592 464.8 141.65 3394 3650 449,7 137.05
3293 3592 464.5 141.60 3397 3654 450.3 137.25
3292 3595 463.3 141.20 3400 3653 449.9 137.15
F 342 F 547
3322 3696 497.5 143.55 4176 3607 493.6 150.45
3324 3691 495.4 147.95 4131 3607 491.7 149,85
5324 3686 493.3 147.30 4135 5607 490.2 149.40
3323 3682 492.2 146,95 4189 3606 490.7 149,55
3323 3677 481.1 146.65 4187 3602 492.8 150.20
3321 3674 479.7 146.20 4192 3601 491.8 149.90
3318 3672 479.0 146.00 4197 36OO 490.5 149,50
3315 3669 477.6 145.55 4201 3598 490.1 149.40
3316 3665 476.2 145.15 4205 3595 433,2 143.80
3316 3661 475.1 144.80 4209 3592 486.2 148.20
5317 3657 474.4 144.60 4212 3539 494,5 147.70
3314 3654 472.8 144.10 4215 5587 492.9 147.20
3310 3652 471.5 143.70 4218 3595 432,0 146.90
5306 5649 470.4 143.40 4221 3583 432.6 147.10
3502 3646 469.3 143.05 4225 5581 430,2 146.35
3319 3655 473.1 144.20 4229 3579 479,3 146.10
3321 3650 471.9 143.95 4232 3577 479,0 145.70
4236 3575 478,9 145,95
JP 342 4246 3569 474.9 144.75
4251 3565 474.9 144.75
4160 3611 423.9 129.20 4254 3562 475.0 144.30
4165 3613 421.6 128.50 4256 3553 472.9 144.15
4166 3615 419.6 127.90
4171 3617 419.0 127.70
310
P 348 3539 5725 439.8 134.05
3537 3720 439.1 133.85
3405 3663 450.3 137.25 5541 5721 438.8 133.75
3408 3666 449.6 137.05 3545 3722 430,3 133.90
3410 3670 449.9 137.15 3549 3725 438.6 133.70
3413 3674 450.0 137.15 3554 3723 433.5 133.65
5415 3679 449.8 137.10 3558 3722 433.1 133.55
3411 3690 449.8 156.80 3561 3719 453.1 133.55
3408 3683 449.4 136.65 3565 5717 437.5 133.35
3404 3686 449.6 136.75 3569 5714 437.3 133.30
3401 3689 449.5 137.00 3572 3711 436.9 133.15
3393 3692 448.4 136.65 3575 3708 436.2 132.95
3394 3694 448.4 136.65
3391 3697 448.0 136.55 P 549
3418 3681 449.5 137.00
3421 3695 449.1 136.90 4195 3609 452.5 157.90
3424 3688 448.3 136.65 4199 3606 450.0 137.15
3427 3692 448.4 136.65 4203 3603 449.5 136.70
3430 3695 447.1 156.30 4207 3600 443.7 136.76
3434 3606 447.5 136.40 4210 3597 445.6 135.80
5436 3697 447.8 136.50 4215 3594 445.2 135.70
3442 3699 447.4 136.35 4217 3597 444-3 135.60
3447 3700 447.0 136.25 4221 3594 445,9 135.90
3452 3700 446.9 136.20 4223 3591 444.2 135.40
3457 3701 445.0 135.65
3461 3701 445.3 155.75 F 350
3465 3702 444.9 135.60
3470 3703 443.8 135.25 3363 3678 467.2 142.40
3474 3705 443.5 155.20 3366 5683 466.O 142.05
3477 3707 443.5 135.20 3366 3694 467.0 142.35
3478 3711 442.4 134.85 3367 5685 466.9 142.30
3473 3715 442.8 134.95 3368 3685 466.9 142.30
3473 3710 442.3 134.80 336.9 3604 467.8 142.60
3478 3723 441.8 134.65 3367 3694 465.6 141.90
3479 3727 441.4 134.55 3367 3693 463.4 141.25
5478 3731 441.1 134.45 3366 3695 466.5 142.20
3492 3715 442.5 134.85 3365 3696 466.4 142.15
5486 3715 442.4 134.85 3365 3697 466,3 142.15
3490 3714 442.7 134.95 3364 3637 466.5 142.20
5494 3714 442.7 134.95 3363 3697 466,4 142.15
3498 3713 442.2 134.80 3363 3689 466,2 142.10
5501 3713 442.1 134.75 3362 3699 465.9 142.00
3501 3709 441.1 134.45 5362 3689 465.9 142.00
3502 3705 441.9 134.65 3361 5689 465.9 142.00
3500 5717 441.8 134.65 5360 3689 465.9 142.00
3499 3721 440.2 134.15 3567 3697 466.6 142*20
3496 3725 440,1 134.15 3369 3693 466.9 142.30
3508 3706 440.5 134.25 3369 3690 467.6 142.50
5512 3709 441.4 134.55 3370 3691 466.9 142.30
3516 3712 441.7 134.65 5371 3603 466.5 142.20
3520 3714 440.6 134.50 3371 3695 465.5 141.90
3524 3716 440.3 134.20 3374 3603 463.6 141.30
3527 3719 439.7 134.00 3377 3701 462.9 141.10
5531 3721 439.2 133.85 3380 3704 464.6 141.60
3535 3723 439.5 133.95 3392 3707 463.2 141.20
3379 3710 463.4 141.25 P 253
33B4 3710 461.4 140.60
3387 3712 460.1 140,25 4256 5582 592.1 119.50
4261 3579 391.0 119.20
P 331 4266 3576 391.6 119.35
4271 3573 391.8 119.40
4228 3699 430.8 131.30 4275 3570 390.6 119.05
42.32 3688 432.4 131.80 4279 3567 390.1 118.90
4236 3636 452.2 131.75 4275 3564 339.9 118.85
4235 3633 432.6 151.95 4285 3563 390.6 119.05
4240 3634 431.4 131.50 4236 3558 390.3 113.95
4245 3631 427.6 130.35 4289 3554 390.2 118.95
4249 3673 425.9 129.80 4291 3550 389.6 118.75
4252 3676 424.1 129.25 4292 3545 389.2 II8.65
4256 3673 422.7 128.85 4295 3540 583.5 118.40
4260 5670 425.1 128.95 4297 3536 337.4 110.10
4264 3668 422.4 128,75 4299 3532 337.5 118.10
4266 3664 420.4 128.15
F 354
F 35?
3662 3720 449.1 136.60
3677 3720 427.3 150.25 3666 3722 449.4 136.65
3681 3721 426.9 130.10 3668 3725 449,4 I36.65
3685 5723 426.8 130.10 3671 3723 443.1 136.60
5639 3724 426.7 130.05 3673 3731 443.2 136,60
3693 3726 426.6 150.05
3696 3723 425.7 129.75 F 355
3700 3730 426.0 129.85
5704 3731 423.9 129.20 4266 3547 466.3 142.15
3703 5733 426.0 129.85 4270 3546 465.1 141.75
3711 3735 425.3 129.65 4274 3545 465.8 141.35
3715 3737 425.2 129.60
3713 3739 423.4 129.05 F 35<?,
3721 3742 425.7 129.75
3724 3745 424.9 129.50 5834 3764 417.1 127.15
3726 3742 423.4 129.05 3336 3760 413.2 127.45
3722 3749 424.7 129.45 3839 3753 417.1 127.15
3720 3753 423.0 129.95 3343 3756 417.2 127.15
3727 5749 424.8 129.50 3347 5755 416.0 126.80
3731 3751 424.0 129.25 3851 3754 415.5 126.65
3734 3755 425.8 129.15 3355 3753 415.3 126.75
3738 3757 423.7 129.15 3359 3752 415.2 126.55
3741 3759 423.0 128,95 3364 3751 415.1 126.50
3745 3760 421.6 129.50 3969 3751 414.6 126.35
3749 5762 421.9 129.60 3971 3750 415.7 126.70
3755 3763 421.8 128.55 3974 3748 414.5 126.35
3757 3765 420,7 128.25 3879 3747 414.5 126.35
3762 3766 420.2 128.10 3993 3746 413.6 126.05
3766 3769 420.4 128.15 3987 3745 413.5 126.05
3770 3769 420.4 128.15 3391 3745 412,4 125,70
3775 3770 421.2 128.40 3995 3744 412,7 125,90
3779 3771 421.2 128.40 3999 3743 411.9 125.55
3783 3772 420.7 128.25 3903 3742 412.0 125.60
3737 3774 420.8 128.25 3007 3741 412.4 125.70



















































412.4 125.70 4046 3623 403.0 122.85
412,1 125.60 4050 3625 404.2 123.20
411.9 125.55 4055 3623 403.6 123.00
411.8 125.50 4060 5622 403.0 122.85
412.0 125,60 4065 3621 402.1 122,55
411.6 125,45 4070 3620 401.6 122.40
411,5 125.35 4074 3619 400.6 122.10
410.9 125.25
F 36;
4377 3494 392.7 119.70
334.2 117.10 4332 3495 393.8 120.05
383.6 116.90 4337 3494 394.4 120.20
382.6 116.60 4392 5493 394.1 120.10
332.2 116.50 4597 3493 393.6 119.05
381.0 116.15 4597 3433 393.9 120,05
581.8 116.35 4402 3492 392,6 119.65
381,8 116.35 4408 5491 392.1 119.50
581.3 116.20 4413 3489 391.5 119.25
581.5 116.30 4419 3483 390.6 119.05
380.4 115.95 4424 5437 339.0 118.55
379.3 115.75
379.0 115.50 P 362
373,1 115.25
4093 3624 474.3 144.55
4090 3627 471.5 143.70
424.6 129.40 F 363
422,7 128,85
422.1 128.65 4429 3432 384.6 117.25
421.3 128.40 4434 3482 383.4 116.85
422.1 128.65 4433 3431 382,5 116.60
420.1 128.05 4443 3430 381.6 116.50
413.9 127.70 4447 3480 531.7 116.55
4452 3480 381.2 116.20
4456 3470 379.8 115.75
4461 3479 581.5 116.50
410.5 125.05
409.3 124.75 P 364
403.0 124.35
407.5 124.20 4019 3663 536.8 165.60
407.1 124.10 4023 5661 536.5 165.55
408.0 124.35 4028 3660 534.4 162.90
407,3 124.15 4053 3660 532.9 162.45
408.4 124.50 4053 3659 532.4 162,50
407.4 124.20 4042 3657 533.9 162.75
407.2 124.10
407.1 124,10 P 365
407.0 124.05
404.6 123.30 4499 3456 422.4 128.75
403.7 123.05 4502 3454 423.3 129.00
404.7 123.35 4505 3451 422.6 123,80
404.1 123.15 4500 3449 422.0 128.65
403,7 123.05 4513 3447 410.8 127.95
404.0 125.15
313
F 566 4535 3340 558.5 108.25
4534 5356 558.7 109.35
4096 3628 468.4 142.75 4533 3332 358.2 109.20
4532 3528 357.7 109.05
F 367 4530 3324 356.9 108.80
4523 3320 356.7 108.70
4512 3440 431.5 131.50
4515 3437 431.1 131.40 F 370
4517 3433 431.5 131.50
4090 3614 402.3 122.60
F 368 4095 3612 401.8 122,45
4100 3611 401.9 122.50
4106 3630 468.2 142.70 4104 3610 400.3 122.00
4111 3630 467.3 142.45 4109 3610 400.7 122.15
4116 3631 466.2 142.10 4113 3610 400.9 122.20
4119 3634 462.4 140.98 4118 3610 401.3 122.30
4117 3639 462.5 140.95 4122 3611 401.7 122.45
4123 3636 460.6 140.40 4126 3612 402.3 122.60
4128 3638 456.8 130.25 4124 5617 401.8 122.45
4134 5639 454.3 138.45 4131 3613 401.8 122.45
4133 3640 452.3 137.85 4136 3614 401.5 122.40
4143 3659 449.8 137.10 4140 3616 401.3 122.30
4147 3639 449.7 136.75 4144 3619 401.3 122.30
4152 3639 446.0 135.95 4147 3621 400.0 121.90
4156 3638 443.5 135.20 4151 3624 399.5 121.75
4155 3626 398.8 121.55
F 4159 3629 398.9 121.60
4162 3652 397.9 121.50
4521 3448 369.7 112.70 4166 3634 597.4 121.15
4524 3446 369.0 112.45 4170 3635 395.9 120.65
4527 3443 369.7 112.40 4175 3636 395.5 120.55
4530 3440 369.9 112.75
4533 3437 370.2 112.85 F 371
4536 3434 570.4 112.90
4540 3431 368.9 112.45 4535 3422 380.2 115.90
4543 3428 368.2 112.25 4537 3418 379.3 115.60
4545 3424 566.7 111.75 4539 3415 379.2 115.60
4546 5420 565.8 111.50 4539 3410 379.1 115.55
4546 3415 365.9 111.55
4946 3411 364.0 110,95 F 372
4545 3406 364.3 111.05
4545 3401 363.8 110.90 4205 3619 396.4 120.30
4544 3597 363.0 110.65 4209 3616 395.5 120.55
4543 3392 362.8 110.60 4212 3612 395.6 120.60
4543 3388 362.4 1.10.45 4215 3608 395.0 120.40
4543 3394 362.5 110.50 4219 3605 395.1 120,45
4542 3390 362.6 IIO.50 4224 3602 394.3 120.20
4542 3376 362.5 11,0.50 4228 3600 394.2 120.15
4541 3372 362.5 IIO.50 4230 3604 393.6 119.95
4541 3368 362.9 110.60 4233 3608 393.3 119.90
4540 3363 362.1 110.35 4232 3598 393.7 120.00
4540 3359 361.6 110.20 4236 3596 393.6 119.95
4 40 3355 361.5 110.20 4241 3595 394.4 120.20
4539 3351 361.1 110.05 4245 3593 393.4 119.90
4533 3347 359.9 109.70 4250 3591 393.3 119.99













































392.9 119.75 4712 3242 343.7 104.75
392.0 119.50 4716 3239 343.0 104.55
391.4 119.30 4721 3236 341.6 104.10
F 578
571.1 115.10 4364 3518 427.5 130.30
371.5 115.15 4369 3516 428.1 130.50
371.3 113.15
368.4 112.30 F 57?
367.5 111.95
368.9 112.45 4809 3186 367.0 111,85
367.9 112.15 4808 3182 365.2 110.70
366.5 111.70 4807 5178 359.7 IO0.65
364.8 111.20 4806 3173 358.7 109.35
362.7 110.55
F 380
4421 3500 380.1 115.35
435.6 132.75 4425 3499 379.6 115.70
434.9 132.55 4429 3496 579.3 115.60
433.9 132.25 4433 3494 579.6 115.70
433.0 132.00 4437 3492 373.8 115.45
433.7 132.20 4442 3490 579.0 115.50
433.0 132.00 4446 3489 379.6 115.40
430.8 131.30 4450 3438 379.0 115.50
427.7 130.35 4454 5497 378.7 115.45
425.9 129.80 4459 3487 373.6 115.40
4459 3491 376.0 114.60
4464 3437 573.0 115.20
4463 3486 377.3 115.00
387.6 113.15 4471 3485 375.7 114.50
587.5 118.10 4475 3483 376.8 114.85
397,1 118,00 4478 3431 577.0 114.90
587.0 117.95 4479 3485 380.3 115.90
337.6 118.15 4400 3490 383.6 116.90
397.0 117.95 4431 3430 376.4 114.75
39b , 6 117.35 4434 3477 375.6 114.50
596.0 117.65 4483 3475 374.9 114.25
386.3 117.75 4492 3473 374.1 114.05
396.1 117.70
334.3 117.15 F 531
336.2 117.70
395.3 117.60 4813 3156 376.7 114.80
335.3 117.60 4912 3160 575.8 114.55
335.6 117.55
335.0 117.55 F 332
383.0 116.75
331.5 116.20 4543 5340 360.9 110.00
4542 3336 360.6 109,90
4540 3333 361.1 110.05
4539 3329 360.9 110.00
344.3 105.10 4537 3325 561.4 110.15
344.1 104.90 4535 3321 360.8 109.95
315
4534 3317 360.4 109.35 4322 3143 338.0 103.00
4534 3312 560.5 109,90 4326 3145 338.3 105.10
4559 3313 559.0 109.40 4831 3146 336.2 102.45
4543 3313 357.0 103.80 4355 3148 335.6 102.30
4535 3303 359.1 109.45 4339 3150 335.8 102.35
4537 3304 359.3 109.50 4341 3155 335.4 102.25
4539 5300 358.5 109.25 4349 3157 334.4 101.95
4541 3296 357.7 109.05 4851 3161 334.5 101.95
4544 3293 357.5 103.95 4353 5165 333.7 101.70
4547 3290 357.5 108 .95 4355 3168 333.3 101.60
4551 3287 556.1 108.55 4357 3172 332.8 101.45
4959 3176 332.2 101.25
F 384 4361 3180 331.6 101.05
4363 3134 331.2 100.95
4555 3300 416.5 126,90 4166 3137 330.4 100,70
4559 3297 413.9 126.15 4368 3190 330.3 100.70
4562 3293 413.2 125.95 4370 3194 329.7 100.50
4566 3295 411.7 125.50 4372 3198 329.1 100.30
4570 3298 410.8 125.20 4974 3201 528,4 100.10
4565 3288 410.5 125.10 4875 3204 327.9 99.95
4973 3208 327.4 99.80
P 385 4880 3211 327.0 99,65
4332 3215 327.5 99.80
4809 3195 332.8 101.45 4834 3213 327.2 99.75
4813 5193 333.0 101.50 4396 3222 326,9 99.65
4817 3192 332.1 101.20
4822 3192 332.7 101,40 F 336
4327 3192 332.4 101.50
4831 5194 332.1 101.20 4568 3231 392.2 119.55
4836 3195 331.6 101.05 4571 3293 392.4 119.60
4940 3197 330.9 100.85 4575 3235 394.2 120.15
4345 3198 350.4 100.70 4580 3235 394.3 120.20
4848 3199 329.6 100.45 4579 3239 395.8 120.65
4352 3201 328.3 100.05 4534 3236 394.0 120.10
4356 3205 328.6 100.15 4538 3234 339.4 113.70
4960 3205 328.4 100.10 4591 3292 583,5 113.40
4864 3207 328.1 100,00 4595 3280 386.2 117.70
4368 3209 328.5 100.15 4599 3280 386,5 117.30
4371 3212 528.4 100.10 4603 3279 586.3 117.75
4375 3215 327.8 99.90
4379 3217 328.0 99.95 F 387
4381 3220 327.9 99.95
4321 3121 542.7 104.45
4317 3143 358.3 103.10 4319 3127 340,6 103.30
4319 5146 337.0 102.70 4317 3124 338.5 103.15
4319 3151 536.0 102.40 4324 3119 342.7 104.45
4920 3155 334.8 102.05 4926 3115 342.6 104.40
4821 3159 334.4 101.95 4924 3124 342,0 104.25
4320 3165 335.2 101.55 4327 3128 341.7 104.15
4319 3168 332.7 101.40 4330 3131 340.5 103.80
4917 3172 332.5 101.55 4354 3134 339.1 105.35
4315 3176 332.6 101.40 4336 3137 337.4 102.85
4813 3180 352,7 101.40 4340 3133 336.6 102.60
4312 3194 331.4 101.90 4345 3140 336.0 102.40
4911 3183 332.0 101.20 4849 3141 335.5 102.25
4311 3192 332.4 101.30
316
P ?88 4624 3267 568.3 112.25
4623 3266 369,3 112.55
4560 5274 355.9 109.50
4561 3271 356.1 108.55 F 394
4563 3268 356.2 108.55
4567 3267 355.2 108.25 4620 3251 343.5 106.20
4571 3264 356.0 103.50 4624 3250 343.9 106.35
4575 5261 354.2 107.95 4628 3250 347.7 106.00
4580 3260 554.1 107.95 4632 3250 347.2 105.95
4636 3250 546.3 105.55
F 339 4640 3250 347.7 106.00
4644 3240 347.8 106.00
4360 3140 336.0 117.65 4644 3253 347.2 105.85
4364 3141 383.8 117.00 4644 3257 343.0 106.05
4867 5143 533.5 116,35 4648 3250 347.2 105.95
4171 3141 332.0 116.45 4652 3251 346.9 105.75
4375 3139 393.9 117.00 4656 3252 346.0 105.45
4660 3252 346,0 105.45
F 590 4664 3252 345.0 105.15
4668 3251 344.4 104.95
4595 5267 354.5 103.05 4672 5251 343.3 104.80
4590 3266 355.6 107.80 4676 5251 344.1 104.90
4594 5264 352.9 107.55 4676 3254 343.5 104.70
4593 3263 552.1 107.30 46-30 3251 344.2 104.90
4602 3262 351.5 107.15 4684 5250 343.5 104.70
4603 3267 351.0 107.00 4633 3250 340.9 103.90
4601 3257 352.1 107.30 4692 5250 339.9 103.60
4600 3255 349.7 106.60 4696 3250 339.9 103.60
4607 3261 351.6 107.15 4700 3251 341.3 104.05
4611 3261 351.5 107.15 4704 3251 339.4 103.45
4616 3260 351.7 107.20 4708 3251 340.1 103.65




4900 3204 350.4 100,70 4980 3317 340.6 103.30
4900 3209 330.0 100.60 4982 3320 333.9 103.30
4901 3212 329.3 100.35 4937 3322 336.0 102.40
4901 3215 329.9 100.55
4901 3219 329.3 100.55 F 398
4900 3223 329.3 100.35
4390 3227 328.6 100.15 4731 3259 359.3 103.40
4898 3231 327.7 90.90 4735 3237 339.2 103.40
4390 3235 527.3 99.75 4739 3235 338.5 103.15
4901 3239 327.5 99.80 4743 3233 338.5 103.10
4903 3241 327.6 99,95 4746 3231 338.5 103.15
4906 3244 326,6 99.55 4750 3229 338.0 103.00
4753 3226 337.1 102.75
F 392 4753 3225 557.3 102.80
4762 3223 336.6 102.60
4595 3273 371.9 113.35 4766 3221 335.7 102.30
4599 3272 369.9 112.75 4770 3213 535,8 102.35
4603 3271 370.5 112.95 4774 3216 536.6 102.60
4609 3271 369.3 112.70 4773 3214 355.3 102.35
4615 3268 368.2 112.25 4791 3212 555.1 102.15
4620 3263 367.4 112.00 4795 3210 555.8 101.75
317
4787 3213 533.5 101.65 5072 3442 510.3 94.60
4788 3215 332.3 101.45 5076 3446 309.1 94.20
4789 5209 333.0 101.50 5080 3450 307.6 93.75
4793 3207 333.5 101.65 5033 3453 306.9 93.55
4798 3206 333.7 101.70 5036 3456 306.3 93.35
4802 3205 332.8 101.45 5090 3459 305.6 93.15
4806 3204 332.4 101.30 5094 3462 506.7 93.50
4810 3203 331.9 101.15
4814 3202 333.3 101.60 F 403
4818 3202 332.8 101.45
4822 3201 531.1 100.90 5088 3438 364.8 111.20
4826 3202 333.0 101.50 5091 3435 365.4 110.75
4825 3207 331.5 101.05 5092 3439 365.9 111.55
4825 3210 331.4 101.00 5095 3441 363.8 110.90
4326 3198 330.7 100.80 5093 3445 363.5 110,80
4351 3203 331.5 101.05 5101 3448 363.2 110.70
4331 3204 330.1 100.60 5103 3445 563.0 110,65
4839 3206 331.0 100.90 5099 3451 360.6 109.90
4943 3207 331.1 100.90 5097 3454 365.3 111.55
4346 3208 330.1 100.60 5099 3458 365.6 110.85
4350 3210 329.5 100.55 5101 3462 365.5 111.40
4054 3212 329.5 100.35 5103 3465 365.1 111.30
4357 3215 320.1 100.50 5106 3468 366.1 111,60
4361 3217 323.1 100.00 5110 5471 565.8 111.50
4365 3219 323.9 100.25 5H4 3470 364.7 111.15
4863 3221 328.8 100.20 5119 3470 362.1 110.35
4371 3223 327.2 99.75
4375 5224 325.4 99.20 F 404
4378 3225 325.6 99.25
4803 3218 423.6 129.10
F 39? 4808 3217 421.5 128.45
4812 3219 421.1 128.35
5033 3337 312.0 95.10
5040 3332 312.8 95.35 F 405
5041 3397 312.9 95.35
5042 3401 312.0 95.10 5112 3432 580.1 115.35
5043 3406 3H.5 94.95 5117 3432 378.4 115.35
5045 3410 310.9 94.75 5122 5452 377.6 115.10
5047 3414 310.2 94.55 5126 3433 373.1 113.70
5050 3418 309.7 94.40 5131 3434 373.4 114.10
5052 3422 309.8 94.45
5055 3426 308.9 94.15 F 406
F 401 4312 3238 465.4 141.85
4317 3239 461.5 140.60
5«054 3404 311.8 95.05 4322 3240 457.6 139.50
5055 3409 311.6 95.00
5056 3414 511.8 95.05 P 407
5057 3413 311.4 94.90
5059 3424 311.3 94.90 5112 3475 341.0 103.95
5061 3428 311.0 94.80 5115 3478 340.7 IO3.85
5064 3432 310.0 94.75 5117 3475 339,9 103.60
5066 3435 310.9 94.75
5070 3435 307.5 93.75 F 408
5069 3439 310.7 94.70
4310 3248 483.0 147.20
318
4815 3249 479.3 146.25 5153 3494 359.7 109.35
4820 3250 477.3 145.50 5161 3491 359.9 109.70
5165 3439 356.9 109.80
F 40? 5169 3497 355.4 108.35
5135 5435 305.9 93.25 F 414
5137 3437 304.1 92.70
5142 3439 303.6 92.55 4385 3250 329.3 100.35
5146 3492 305.5 93.10 4388 3233 323.4 100.10
4891 3236 326.5 99.50
F 410 4892 3240 326.5 99.50
4894 3245 326.3 99.45
4834 3229 419.1 127.45 4397 3243 326.6 99.55
4837 3232 413.3 127.65 4399 3262 325.3 99.30
4340 3235 413.0 127.40 4901 3256 325.3 99.15
4342 3239 418.0 127.40 4903 5260 524.8 99.90
4343 3243 417.1 127.15 4905 3264 324.9 99.05
4338 3243 413.5 127.55 4302 3266 324.1 98.90
4843 3247 416.7 127.00 4999 3268 322.9 99.40
4344 3251 416.3 126.10 4996 3269 324.3 98.85
4345 3254 415.1 126.50 4903 3263 325.1 99.10
4846 3257 415.6 126.65 4911 3271 324.1 98.30
4343 3261 414.5 126.35 4913 3274 525.0 99.45
4350 3264 414.1 126.20 4916 3277 323.2 98.50
4353 3267 413.1 125.90 4913 3231 322.3 99.25
4350 3269 413.3 126.00 4920 3235 322.7 99.35
4355 3270 413.0 125.90 4923 3239 322.2 98.20
4357 3273 412.2 125.65 4926 3293 321.5 93.00
4366 3231 407.8 124.30 4929 3297 320.8 97.80
4370 3232 403.5 124.50 4931 3300 321.1 97.35
4373 3234 403,1 124.40 4933 3293 322.0 98.15
4377 3236 407.9 124.35 4928 3302 320.6 97.70
4927 3304 319.6 97.40
F 411 4936 3301 321.0 97.35
4958 3305 321.6 99.00
5134 3431 506.9 93.50 4940 3309 320.8 97.30
5133 3432 305.0 92.95 4941 3313 319.7 97.45
5142 3435 394.6 92.35 4943 3317 319.6 97.40
5143 3481 303.9 92.60 4945 3320 318.3 97.15
5147 3435 305.0 92.95 4947 3324 319.3 97.00
5152 3437 305.9 93.25
F 415
F 412
5167 3530 367.8 112.10
4856 3224 395.4 11.7.45 5171 3502 365.4 111.35
4360 5226 396.0 117.65 5175 3504 364.6 111.15
4864 3223 335.7 117.55 5179 3506 363.9 110.90
4367 3230 394.3 117.30 5173 3510 363.2 110.70
4371 3231 396.3 117.75 5190 3502 362.7 110.55
4869 3235 394.2 117.10 5191 3493 362.6 110.50
4373 3235 395.7 117.55 5192 3495 365.3 111.50
4375 3233 393.4 116.85 5193 3507 363.2 110.70
4379 3240 383.2 116*30 5137 3608 364.6 111.15





5194 34^2 357.7 101.05
319
5199 5485 357.2 108.85 5190 3559 303.3 92.45
193 3438 358.0 109.10 5132 3544 302.2 92.10
l'v 3493 356.5 109.65 5137 3544 300.8 91.70
5192 3497 356.7 193,70 5192 5543 300.0 91.45
5197 3490 356.7 108.70
F 434
F 413
4755 3750 412.9 125.35
4984 3345 315.4 96.15
4989 3346 316.0 96.30 F 425
4992 5349 315.7 96.25
4996 3549 316.6 96.50 5165 3553 302.6 92.25
5900 3351 516.3 96.40 5166 3537 501.5 91.90
5005 3353 315.0 96,00 5169 3540 500.5 91.60
5009 5555 315.2 96.05 5175 554 3 299.7 91,55
5012 3357 514.6 95.90 5177 3545 298.9 91.10
5015 3361 314.1 95.75 5195 3546 298,2 <50.90
5911 3565 311.7 05.OO 5189 3546 299.0 90,35
5020 3369 311*6 95.00 5194 3545 299.1 90.85
5199 3545 297.9 90.75
F 420 5204 3541 297.6 90.70
5209 3540 296,9 90.45
5055 3445 354.6 108.10 5?14 3539 297.3 90.60
5056 3443 355.4 108,35 5219 3538 297.2 90.60
5060 3451 355.2 108.25 5218 5536 296.2 90.30
5063 3454 383*5 107.75 5222 3536 297.3 90.75
5067 3457 350.3 106.90 5227 5535 296.6 90.40
5070 3460 349.1 106.10 5232 3533 295.8 90.15
5237 3552 295.5 90.05
F 423. 5241 3551 296,3 90.45
5245 3530 296.0 90.20
5137 3531 323.0 93.45 5249 3529 298.4 90.05
5192 331 322,5 93.39 5254 3527 295.2 90.00
5195 3532 322.5 99.30 5258 3 24 295.2 90,00
5107 3533 320.0 97.55 *•262 5520 294.8 39,85
5200 3535 319.4 97.55 5269 3517 293.6 39.50
5?05 3536 320.2 97.60 5267 3515 292.9 89.30
5205 3535 510.9 97.50 5269 3508 292.7 99.20
5209 5537 310.4 07.35
5214 3 56 310.6 97.10 F 427
F 422 >212 3526 330.4 100.70
4765
5917 3526 330.9 100.35
3743 456.0 139.00 5222 5526 330.1 130.60
4768 3742 4 4.6 130.55 5226 351 : 331.7 101.19
4771 3741 4'4.8 133.60 5226 3526 329.3 100.05
4775 3740 455.5 139.85 5231 3526 529.3 190.35
4772 3737 454.1 139.40 5236 3527 331.0 100.90
5235 329.6 100.45
F 4? 3 5239 3522 339.6 199.75
5243 3520 530.5 199.75
5164 3530 395.9 93.25 5247 3519 330.9 109.35
5166 3534 305.7 93.20 5249 3520 329,2 193.35
8170 3 37 305.3 93.05 5246 3516 350.8 100.35
5174 3540 3)4.3 92.75 5251 3515 325.6 10.25
5173 3545 303.3 92.60 5254 3511 <24.2 98.00
320
5253 3503 322.9 98.40 5215 3445 361.3 110.10
P 428 P 435
4977 3551 405.8 123.70 5261 3478 354.5 108.05
4979 3549 407.0 124.05 5265 3476 352.9 107.55
4981 3547 406.7 123.95 5269 3474 352.6 107.45
4983 3545 406.9 124.00 5275 3472 354.4 108,00
4980 3543 407.0 124.05 5277 3470 355.2 103.25
4985 3547 408,7 124.55 5281 3463 355.4 108.35
4988 3549 410.9 125.25 5285 3467 555.8 108.45
4985 3543 407.9 124.35 5289 3466 554.5 108.45
4987 3540 409.0 124.65
4989 3537 410.4 125.10 F 437
4993 3534 410.0 124.95
106.004996 3532 410.0 124.95 5272 3405 347.8
5275 3431 348.5 106.20
F 429 5279 3477 348.4 106.20
5233 3475 347.4 105.90
5253 5519 299.1 91.15 5237 3474 347.6 105.95
5260 3515 298.0 90.85
5262 3511 296.2 90.30 F 438
5265 5507 293.7 89.50
5174 3556 375.5 114.45
P 4?1. 5179 3557 374.4 114.10
5133 3558 374.7 114.20
5196 3460 351.0 107.00 5187 3559 576.2 114.65
5191 3460 352.3 107.40
3195 3460 553.4 107.70 F 439
5200 3460 353.4 107.70
5205 3461 352.6 107.45 5296 3474 347.4 105.90
5210 3460 354.0 107.90 5300 3474 347.3 105.85
5215 3460 354.9 108.15 5305 3475 345.9 105.45
5220 3460 353.2 107.65 5303 3471 344.2 104.90
5225 3460 353.2 107.65 5307 3469 341.1 103.95
5230 3460 353.0 107.60 5312 5467 340.1 103.65
5234 5460 353.2 107.65 5317 3465 338.4 103.15
5253 3460 353.0 107.60 5321 3464 337.5 102.85
5233 3455 351.9 107.25 5326 3463 335.8 102.55
5242 3462 350.3 106.75 5331 3462 334.7 102.00
5233 3465 348.5 106.20 5336 3462 333.5 101.65
5233 3470 550.7 106.90
5239 3475 351.8 107.25 F 440
5237 3480 351.8 107.25
115.655189 3562 379.4
5223 3475 353.8 107.85 5193 3562 377.9 115.20
5228 3475 355.2 107.65 5193 3563 377.3 115.00
5233 3475 352.9 107.55 5202 3563 378.3 115.30
5207 3564 375.3 114.40
P 4?I 9213 3565 379.0 115.50
5213 3560 377.3 115.00
5198 3445 364.3 111.05 5216 3564 379.1 115.55
5202 3449 365.4 110.75 5215 3569 379.3 115.60
5207 3445 362.0 110.35 5221 3565 573.6 115.40
5210 3445 362.7 110.55
5210 3440 363.0 IIO.65
321
P 442 5378 3464 236.5 87.35
5331 5461 286.1 37.20
5215 3530 391.5 119.35 5384 5453 236.6 37.35
5212 5534 392.8 119.75 9387 3455 286.5 <7.35
9213 3590 390.7 119.10 5391 3451 286.5 97.35
5225 3590 399.3 118.65
5229 3530 387.3 118.05 F 448
5252 3579 391.0 119.20
5235 3555 302.1 92.10
F 443 5233 3555 303.7 92.55
5237 3551 301.7 91.95
5320 3447 335.3 102.20 5240 3548 301.1 91.30
5317 3445 334.3 101.90
5317 3440 334.2 101.85 F 449
5319 3436 335.3 102.35
5325 3490 288.9 88.05
F 444 5323 3491 238.4 37.90
5332 3491 288.0 37.80
5223 3557 368.0 112.15 5336 3490 237.6 87.65
5229 5557 369.3 112.55 5341 3439 286.8 37.40
5229 3559 371.9 113.35 5345 3487 287.0 87.50
5349 3486 287.2 87.55
F 446 5553 3434 286.7 37.40
5226
5357 3433 296,4 37.30
3545 299.0 91.15 5361 3431 296.3 37.25
5231 3544 290.7 91.05 5365 3479 285.8 37.10
5236 3543 299.5 91.25 5363 3477 285.9 37.15
5235 5546 500*7 91.65 5371 3475 285.7 97.10
5240 3542 299.0 91.15 5370 3473 235.2 36.95
5244 3540 296.8 90.45 5375 3473 284.8 36.30
5249 3539 297.1 90.55 5379 3470 234.3 96,,80
5253 3537 297.4 90,65 5332 3463 284.3 86,30
5395 3465 234.6 96.75
F 447 5388 3461 284.7 86.80
5391 3453 283.3 36.50
5323 3487 292.8 89.25 5339 3456 232.2 36.00
5325 3482 293.6 89.50 5394 3456 282.9 36.25
5329 3431 291.8 88.95 5397 3453 232.2 86,00
5334 3431 290.7 83.60 5400 3449 231.5 35.30
5333 3480 291.3 88,80
5340 3490 291.8 88.95 F 449b
5340 3475 288.6 97.95
5345 3480 291.7 89.90 5400 3447 236.9 87.45
5349 3430 290.9 33.65 5405 3447 236.6 37.35
5353 3479 290.0 88.40
5559 3479 289.3 98.35 F 450
5357 5474 239.5 88.25
5355 3470 237.6 37.65 5282 3507 316,5 96.45
5361 3472 299.6 38.25 5286 5504 316.5 96.45
5365 3470 237.9 37.75 5291 3502 317.3 96.70
5369 3469 287.6 37.65 5295 3500 313.5 97.10
5373 5466 287.4 87.60 5300 5499 319.3 97.50
5372 3462 286.3 97.25 5305 3499 321.1 97.35
5370 3458 297.9 37.75 5310 3499 317.1 96.65
5369 3455 237.6 37.65
322
F 4^1 5390 3442 239.5 83.25
5347 3400 316.7 96.55 F 455
5343 3401 315.4 96.15
5338 3401 315.3 96.10 5380 3417 336.1 102.45
5350 3400 315.0 96,00 5390 3412 557.2 102.30
5355 3399 314.0 95.70 5331 3407 340.9 103.90
5360 3399 314.1 95.75 5334 3417 337.0 102.70
5365 3398 314.9 96,00 5539 3413 337.6 192.90
5349 3404 513.9 95.70 5392 3419 336.8 102.65
5348 3409 312.0 95.10 5396 3419 536.6 102.60
5346 3413 310.8 94.75 5400 3420 336.1 102.45
5346 3416 300.6 94.05 5401 3415 337.7 102.95
5348 3420 304.7 92.85 5402 3411 340.5 103.90
5351 3423 302.9 92,30 5403 3406 342.1 104.25
5353 3427 300.7 91.65
5355 3431 298.5 91.00 F 457
5557 3435 297.4 90.65
5360 3439 296.5 90.35 5401 3429 321.9 98.10
5562 3442 293.9 89.60 5406 3427 321.0 97.35
5364 3446 292.8 39.25 5405 3431 322.5 93.25
5365 3450 291.9 88.95 5409 3432 322.8 99.40
5366 3453 292.2 99.05 5413 3432 522.3 98.25
5370 3453 292.0 99.00
5374 3451 290.0 38.40 F 458
5378 3451 290,3 83.65
5378 3447 2<>9.0 83.40 5325 3503 330,9 109.95
5379 3444 2 (9.5 88.20 5327 3502 331.0 100.90
5380 3440 289.5 88.25 5327 3505 323.9 100.25
5382 3450 289.3 83.20 5334 3500 326.6 99.55
5386 3449 288.1 37.80
5399 3448 287.5 87.65 F 459
5394 3447 236.6 87.35
5443 3419 279.9 35.30
F 452 5447 3413 279.6 35.20
5449 3423 277.6 34.60
5277 3502 294.5 39.75 5450 3423 278.3 95.00
5279 3493 293.3 89.55 5451 3432 230,8 85.60
5282 3494 293.9 39.60 5451 3416 279.9 35.30
5235 3492 293.6 99.50 5449 3412 279.4 95.15
5238 3488 291.9 38.95 5446 3403 273.3 85.00
5292 3485 292.1 89.05 5443 3405 277.5 34.60
5296 3486 291.4 33.30 5455 3414 280.4 35.45
5297 3490 292.6 89.20 5460 3412 282.1 96.00
5301 3437 290.4 88.50 5465 3412 283.2 86.30
5305 3433 288.4 97.90
5310 3490 289.4 88.20 F 460
5314 3492 289.1 88.10
5313 3495 238.1 87.30 5339 3473 285,4 37.00
5392 3471 295,7 97.10
r 453 5396 3469 295.1 86,90
5399 3467 234.3 36.30
5331 3437 292.6 39.20 5401 3465 235.6 87.05
53Q3 3454 292.0 39.00 5404 3463 234.6 36.75
5334 3431 292.4 89.10 5409 3461 294.3 36.30
323
5413 3461 233.8 86.50 5541 3459 274.2 83.60
5 '17 3462 233.3 36.35 5546 3459 273.2 35.25
5413 3459 282.4 86.10 5550 3460 273.2 33.25
5419 3456 231.5 85.80 5554 3460 273.3 33.30
5420 3461 282.3 86.05 5554 3470 271.4 93.70
5424 5460 291.5 85.80 5553 3473 272.4 33.05
5427 3459 231.9 85.90 5563 3475 271.9 82.85
5431 3460 230.1 35.35 5567 3477 270.6 82.50
5436 3461 230.5 35.50 5570 3480 270,5 92.45
5441 3462 230.2 35.40 5573 3433 270.9 82.55
5446 3463 279.5 35.20 5573 3438 270.8 82.55
5450 3464 279.6 35.20 5572 3493 271.9 82.90
5452 3466 278.3 85.00 5574 3479 271.2 32.65
5456 3465 277.8 84,65 5574 3475 269.6 82.15
5461 5466 277.5 84.60 5574 3470 269.1 32.00
5465 3467 276.4 84,25 5575 3466 267.0 31.40
5470 3469 276.5 84.30 5575 3461 268.3 81.95
5474 3469 277.3 34.50 5576 3457 263.6 81.85
5576 3453 269.9 32,25
F 461 5577 5449 270.1 02.35
5577 3445 270.3 82.40
5441 5448 231.7 35.85 5577 3440 269.6 92.15
5445 3447 230.2 35.40 5573 3436 268.6 81.85
5450 3447 279.3 85.30 5573 3431 263.4 31.90
5454 3447 230.5 85.50 5579 3426 266.7 31.30
5454 3451 231.9 85.90 5579 3422 269.1 32.00
5455 5443 279.4 85.15
5459 3447 279.0 35.05 F 462
5464 3447 279.2 35.10
5469 3447 278.2 84.30 5407 3455 232.5 34.90
5473 3447 277.7 84.65 5411 3453 293.1 36.30
5479 3447 277.9 34.65 5416 5452 281.9 35.90
5493 3447 277.4 64.55 5420 3453 231.5 35.30
5496 3443 277.6 34.60
5495 3453 275.6 84.00 F 463
5490 3455 277.2 34.50
5495 3456 277.5 34.60 5446 3447 280.7 35.55
5499 3453 277.5 34.60 5450 3448 280.2 35.40
5504 3459 277.9 94.70 5454 3449 280.2 35.40
5509 3459 277.3 34.50
5514 3459 277.4 34.55 F 464
5519 3459 275 .4 33.35
86.655523 3453 274.9 33.80 5405 3475 234.3
5529 3459 274.4 33.65 5410 3473 234.4 36,70
5532 3453 274.7 33.75 5414 3472 284.7 36.30
5532 3454 274.1 33.55 5413 3470 284.2 86.60
5532 5450 273.1 33.25 5422 3470 293.4 36.40
5532 3466 272.1 32.95 5426 3470 294.0 36.55
5532 3442 273.4 33.35 5431 3470 232.6 86.15
5532 3433 272.6 33.10 5435 3470 292.1 36.00
5532 3434 271.5 32.75 5439 3471 231.4 35.75
5532 3430 272.5 33.95 5444 3471 231.2 35.70
5532 3425 272.5 93.05 5446 3471 231.9 35.90
5532 3421 272.1 32.95 5451 3469 231.0 85.65
5537 3453 274.5 33.65 5456 3470 280.8 35.60
324
5461 3470 230.4 35.45 5496 3469 277.3 34.655466 3472 279.6 35.20 5501 3469 276.3 84.20







84.05F 463 5510 3469 275.4 83.95
5514 5470 275.7 94.05
5442 3453 279.9 35.30 5514 3468 274.4 33.65
5445 3454 273.6 84.90 5514 3475 272.7 33.10
5449 3455 277.3 94.50 5514 3430 273.5 33.35
5453 3457 276.5 35.30 5514 3435 274.9 83.80







33.50F 466 5532 3474 273.6 33.40
86.60
5536 3476 273.9 33.505410 3435 234.2 5540 3473 274.5 83.655414 3484 234.3 86.65 5544 3431 272.3 83.005418 3434 286.2 37.25 5547 3435 271.8 32.35
5424 3484 235.0 86.85 5550 3483 270.9 82.55
5429 3434 235.5 37.00 5554 3491 270.4 82.40
5434 3434 285.0 86.85 5357 3495 270.0 82.30
5433 3434 283.7 86.45 5561 3493 270.2 32.35
5440 3432 283.7 86.45
5445 3483 282.5 86.10 F 473
5449 3435 282.7 86,15
5454 3466 232.2 86.00 5561 3437 272.4 33.05
5459 3437 281.8 85.90 5565 3490 273.0 33,205464 3437 231.5 35.SO 5570 3492 272.2 82.955464 3492 280.0 35.35 5574 3494 271.7 82.00








F 467 5597 5437 269.2 92.05
5460 5601 3435
268.6 31.85







91.15F 468 5619 3468 265.7 91.00
5469 5619 3464 267.3 31.653509 334.3 102.05 5622 3459 266.0 31.10
5474 3509 334.6 102.00 5625 3456 266.0 81.10
5473 3503 332,2 101.25
5432 3508 333.6 101.70















F 470 5593 3463 272.0 32.90

















5431 3469 273.3 84.85
325
F 476 5792 3469 259.7 79.15
5795 3471 258.7 78.85
5267 3477 265.3 81.00 5799 3472 258.7 78.85
5631 3475 264.3 80,70 5803 3472 257.3 78.60
5635 3471 264.5 30.60 5806 5473 257.3 78.60
5658 3468 264.0 80.45
5642 3466 263.6 80.55 F 434
5646 3464 263.2 80,20
5650 3461 263.1 80.20 5305 3429 255.6 77.90
5654 3459 262.7 30.05 5805 3425 255.1 77.75
5659 3458 261.9 79.95 5803 3423 255.3 77.30
5664 3459 262.0 79.85 5811 3421 254.7 77.65
5666 3461 261.8 79.80 5314 3419 254.7 77.65
5670 3465 260.7 79.45 5317 3416 254.1 77.45
5674 3469 250.6 79.15 5320 5414 253.0 77.10
F 477 F 485
5592 3454 273.8 85.00 5814 3474 265.0 30.75
5597 3454 279.2 85.10 5819 3474 264.6 30.65
5601 3455 275.6 94.00 5823 3474 263.3 80.25
5823 3472 263.5 80.30
F 479 5327 3473 262.7 80.05
5832 3473 262.5 80.00
5623 3444 293.5 89.40 5336 3472 262.6 80.05
5621 3440 295.4 89.45
5624 3441 295.7 90.15 F 486
F 480 5946 3300 237.0 72.25
5945 3297 237.1 72.25
5793 3467 259.0 73.95 5845 3293 237.4 72.35
5783 3462 257.9 78.60 5345 3239 237.6 72.40
5783 3459 257.7 73.55 5944 3285 255.5 71.30
5734 3453 256.1 73.05 5944 3281 235.3 71.85
5344 3277 234.9 71.60
r-4CD
F 497
5631 5450 266.0 81.10
5634 3447 267.4 81,50 5365 3459 261.4 79.65
5632 3443 266.6 81.25 3366 3456 261,2 79.60
5630 3440 265.9 81.05 5869 3452 261,7 79.75
5637 3445 266.3 81.15 5971 3449 262.0 79.95
5641 3442 265.5 80.85 5974 3446 261.7 79.75
5877 3443 261.0 79.55
F 482 5980 3440 261.2 79.60
5877 3439 253.8 78.90
5792 3445 266.4 01.20 5083 3437 260.2 79.30
5794 3441 264.1 80.50 5886 3434 257.8 78.60
5797 3437 263.0 30.15 5889 3431 257.4 78.45
5800 3434 262.0 79.85
5302 3431 261.4 79.65 F 488
F 433 5843 3297 242.0 73.75
5343 3292 242.5 73.90
5778 3463 261.9 79.85 5349 3297 242.3 74.00
5782 3464 261.2 79.60 5350 3292 242,6 73.95
5735 3466 260.5 79.40 5951 3277 242.1 73.30
5739 3467 260.2 79.30 5952 3272 241.6 73.65
5953 5267 241.9 73.75 F 494
5855 3262 241.2 73.50
5856 3257 241.2 73.50 5889 3213 227.5 69.35
5857 3252 240.6 73.35 5893 3213 228.5 69.65
5858 3248 240.3 73.25 5897 3212 228.2 69.55
5860 3244 240.2 73.20
5362 3240 240.2 73.20 F 496
5865 3243 233.5 72.70
5868 3245 237.6 72.40 5898 3160 223.11 68.00
5372 3247 237.1 72.25 5897 3156 223.01. 67.95
5375 3249 236.6 72.10 5896 3152 223.91 69.25
5378 5251 256.8 72.20 5894 5149 223.8L 68.20
53-1 5253 238.3 72.65 5893 3145 223.2L 68.05
5885 3255 236.7 72.15 5393 3141 224.2L 69.35
5839 3257 235.6 71.30
5859 3238 239.7 73.05 F 497
5856 3236 238.6 72.75
5850 3232 238.1 72.55 5887 3203 232.3 70.80
5852 3229 236.3 72.00 5391 3200 229.7 70.00
5855 3226 236.7 72.15 5992 3196 230.3 70.20
5857 3225 235.6 71.30 5392 3191 230.2 70.15
5891 3137 229.3 69.90
5833 3249 236.9 72.20 5390 3182 229.5 69.95
5835 3245 236.4 72.05 5993 3181 227.7 69.40
5986 3241 236.5 72.10 5387 3183 228.5 69.65
5887 3237 236.2 72.00 5885 3183 229.8 70.05
5838 3233 254.4 71.45 5838 3178 227.2 69.25
5888 3229 235.2 71.70 5886 3175 226.8 69.15
5889 3226 234.9 71.60 5835 3171 227.2 69.25
5333 5167 227.5 69.35
F 490 5381 3164 226,6 69.05
5980 3160 224.8 68.50
5859 3286 255.9 73.00
5861 3233 256.7 73.25 "a 11 >0CO
5864 3281 255.9 78.00
5867 3279 256.0 78.05 5902 3155 224.8L 68.50
5670 3278 256.7 73.25 5902 3151 225.OL 68.60
5872 3273 256.4 73.15 5902 3147 224.51 69.45
5875 3279 256.9 73.30 5902 3143 224.41 68.40
5878 3281 258.8 78.90 59-06 3143 223.11 63.00
5876 3277 254.3 77.50 5909 3143 222.71 67.90
5380 3277 253.9 77.40 5902 3139 222.71 67.90
5902 3135 222.81 67.90
F 492 5903 3132 223.91 68.25
5355 3213 232.9 71.00 F 500
5859 5213 232.5 70.85
5964 5213 232.3 70.80 5903 3169 230.01 70.10
5868 3212 232.3 70.80 5904 3166 230.71 70.30
5372 3213 232.2 70.75 5906 3162 231.71 70.60
5876 3214 231.7 70.60 5908 3158 230.71 70.30
5381 3215 231.6 70*60 5910 3154 229.71 70.00
5395 3216 231.4 70.55 5911 3150 223.91 69.75
5912 3148 227.51. 69.35 6021 3219 211.0 64.30
5914 3152 227.6L 69.35
5915 3155 227.2L 69.25 P 504
5916 3158 228.36 69.60
5916 3149 227.9L 69.45 5921 3123 222.2L 67.75
5920 3150 226.3L 69.00 5925 3124 221.16 67.40
5925 3150 225.76 6,9.90 5928 3126 221.0L 67.35
5929 3150 225.26 68,65 5930 3150 220.2L 67.10
5932 3134 219.0L 66.75
P 501 5933 3137 218,96 66.70
5933 3142 218.4k 66.55
5095 3162 224.4 68.40 5934 5146 218.26 66.50
5094 3158 224.7 69.50 5936 3150 218.16 66.50
5883 3154 222.7 67.90 5933 3155 217.36 66.25
5991 3154 223.7 68.20 5940 3158 217.06 66.15
5992 3150 223.0 67.95 5941 3162 216.46 65.95
5982 3146 221.4 67.50
P 505
P 502
5065 3162 221.5 67.50
5911 3137 228.16 69.50 5968 5165 221,9 67.60
5914 3158 227.96 69.45 5971 3167 220.6 67.24
5916 3134 226.56 69,05 5975 3170 219.9 67.05
5917 3150 224.96 68.55 5978 3173 219.5 66.90
5919 3127 223.16 68.00 5981 3176 219,4 66,55
5919 3139 227.36 69.30
5922 3140 226.6L 69.05 F 506
P 505 5920 3165 230,96 70.40
5922 3162 229.16 69,35
5950 3155 216.9 66.10 5926 3160 227.96 69,45
5952 3159 216.9 66.10 5930 3160 223,1L 69.50
5953 3163 216.0 65.95 5934 3161 226,46 69.00
5955 3167 216.1 65.35 5938 3162 225,06 68,60
5056 3170 216.6 66.00
5060 3172 217.6 66,30 P 507
5965 3174 217.3 66.25
5967 3176 217.6 66.30 5984 3179 220,2 67.10
5970 3178 216.1 65.35 5937 3132 221.1 67,40
5974 3180 215.2 65.60 5090 3185 221.9 67.65
5Q77 3182 214.3 65.45 5993 5133 222.2 67.75
5980 3135 214.6 65.40 5906 3190 222,4 67.30
5993 3198 212.9 64.95 5909 3193 222.9 67.90
5986 3190 214.9 65.50 6002 5195 222,1 67.70
5989 3193 214.1 65.25
5992 3195 213.8 65.15 F 508
5995 3198 213.0 64.90
5998 3201 212.9 64.90 5029 3166 240.6 73.35
6001 3204 211.3 64.40 5934 3167 240.2 73.20
6004 3207 212.3 64.70 5930 3163 240.0 73.15
6007 3209 212.3 64.70 5942 3169 239.7 73.05
6009 3207 210.7 64.20
6010 3212 212.3 64.70 P 509
6015 3215 211.9 64.60
6017 3217 211.3 64.40 5993 3130 225.1 63.60
328
5996 3183 224.5 68.45 6020 3230 209.9k 64.OO
6000 3185 224.1 68.30 6025 3232 209.9k 64.00
6003 3188 222.7 67.90 6029 3235 209.0k 65.70
6006 3191 222.7 67.90 6033 3237 208.7k 63.60
6010 5194 222.4 67.80 6037 3240 208.7L 65.60
6013 3197 221.6 67.55 6041 3240 209.5k 65.50
6016 3200 220.1 67.10 6045 3245 207.9k 65.35
F 510 F 513
5930 3183 252.6 77.00 6046 3252 211.2 64.35
5934 3184 251.9 76.80 6050 3233 211.2 64.35
5938 3186 251.7 76.70 6055 3233 211.1 64.35
5943 3187 249.9 76.15 6059 5231 210,7 64.20
5941 3190 249.7 76.10 6062 3228 210.3 64.10
5940 3194 251.6 76.70 6066 3225 210,0 64.00
5947 3189 248.8 75.85 6070 3222 209.1 63.75
5951 3190 247.4 75.40 6073 3219 208,2 63.45
5955 5192 246,0 75.00 6076 3222 206.9 63.05
5959 3194 244.0 74.35 6030 ■ 3219 206.2 62.85
5965 3196 242.7 73.95 6083 3215 205.9 62,75
5966 3198 242.6 75.95 6086 3212 205.8 62.75
6090 3209 204.7 62,40
P 511 6093 3205 204.1 62.20
6013 3203 216,6 66,00 P 514
6016 3206 216.3 65.95
6020 3209 216.4 65.95 6093 3221 205.8 62.75
6024 3212 215.9 65.80 6096 3218 205.6 62.65
6026 3215 216.0 65.85 6099 5215 205.7 62,70
6029 3211 215.4 65.65 6102 3211 205.2 62.55
6030 3207 214,0 65,25 6105 3207 205.8 62.75
6030 3218 214.6 65.40 6108 3202 205.9 62,75
6034 3219 214.2 65.30 6110 3198 203.5 62.05
6039 3220 214.1 65.25 6111 3183 205.9 62.15
6043 3220 213.5 65.05 6112 3188 202.6 61.75
6047 3220 213.0 64.90 6113 3183 203.4 62.00
6051 3220 212,6 64.80 6114 3173 203.1 61.90





5980 3199 215.4k 65.65 6088 3134 200.5 61.10
5983 3202 214.5k 65.40 6083 3132 200.4 61.10
5986 3206 214.3k 65.30 6080 3130 200.5 61.10
5990 3209 214.8L 65.45 6077 3127 202.6 61.75
5993 3212 214.6k 65.40 6074 3123 202.7 61.90
5997 3215 213.9k 65.20 6072 3120 202.7 61.80
6000 3219 214.6k 65.40 6070 3116 201.4 61.40
5999 3221 214.0k 65.25 6074 3115 200.5 61.10
5997 3224 212.2L 64.70 6066 3117 193.2 60.40
6004 3220 213.2k 65.00 6069 3.112 201.1 61.30
6009 3225 212.6L 64,80 6069 3108 209.1 61.00
6012 3225 212.2L 64.70 6068 5193 198.9 60.60
6016 3227 211.1k 64.35 6069 3099 197.7 60.25
329
6069 3094 196,6 59.90 F 521
F 517 6054 3197 230.9 70.40
6056 3195 229.6 70.00
6058 3214 216.4 65.95 6053 3139 229.8 70.05
6063 3213 215.2 65.60 6061 3135 229.7 70.00
6069 3212 213.5 65.05 6063 3132 229.7 70.00
6073 3210 212.3 64.35 6060 3130 230.4 70.25
6077 3207 215*3 65.OO 6065 3178 230.1 70.15
6030 3204 212.9 64.90 6067 5175 230.0 70.10
6083 3201 212,4 64.75 6069 3171 230.1 70.15
6037 3198 211.8 64.55 6070 3167 229.3 69.90
6084 3194 211.9 64*60 6068 3164 228.9 69.75
6081 3189 210.5 64.15
6078 3185 208.7 63.60 CVJCMIT
6088 3195 210.0 64.00
6090 3190 209.2 63.75 6102 3108 244.3 74.45
6090 5136 210.0 64.00 6100 3111 245.0 74.70
6091 3131 209.8 65.95 6100 3116 245.3 74.75
6092 3176 208.5 65.55 6105 5104 244.3 74.45
6092 3172 207.3 63.20 6107 3100 243.6 74.25
6092 3167 207.3 63.20 6105 3110 243.3 74.15
6091 3163 203.0 63.40 6109 3112 242.8 74.00
6087 5159 206.9 65.05 6112 3115 243.2 74.15
6083 3157 205.5 62.65 6116 3113 242.4 73.90
6081 3156 205.2 62.55 6120 3120 241.0 73.45
6123 3125 238.0 72.55
p 319 6127 3125 240.3 73.25
6065 3193 224.8 68.50 P 523
6067 3194 224.1 68.30
6070 3191 223.5 63.10 6058 3175 234.1 71.35
6066 3190 222.6 67.35 6060 3171 233.7 71.25
6072 3188 222.8 67.90 6062 3167 233.0 71.00
6074 3134 221.7 67.55
F 524
p 920
6108 3087 238.0 72.55
6039 3114 205.7 62.10 6113 3087 237.5 72.40
6037 3110 202*6 61.75 6117 3038 231.6 70,60
6035 3106 202.6 61.75 6122 3090 230.1 70.15
6084 3101 202.7 61.90 6126 3092 229.3 70.05
6032 3097 203.1 61.90 6130 3096 229.4 69.90
6081 3092 203.1 61.90 6132 3093 228.5 69.65
6032 3037 202.4 61.70 6128 3099 227.1 69.20
6083 3083 202.2 61.65 6134 3098 227.7 69.40
6085 3079 201.2 61.35 6137 3102 225.8 68,80
6087 3-075 200*9 61*25 6140 3105 225,2 68.65
6090 3078 200*4 61.10 6143 3108 224.3 68.35
6094 3080 199*0 60.65 6146 3112 224.5 68.45
6090 3072 200*7 61.15 6143 3115 224.6 63.45
6093 3069 199.5 60.80 6145 3117 224.3 68.35
6097 3067 193.6 60.55 6150 3118 223.5 68.10
6101 3065 197.8 60.30 6152 3122 223.2 68.05
6105 3064 197.1 60.10 6153 3126 223.4 68.10
6110 3063 197.5 60.20
J
330
F 523 6099 3061 195.4 59.55
6045
6102 3060 194.7 59.55
3188 246.3 75.05 6106 3059 194.3 59.20
6047 3184 244.0 74.35 6111 3058 194.6 59.30
6049 3180 241.7 73.65 6116 3057 194.1 59.15
6121 3056 193.4 58.95
p 526 6126 3056 193.2 58.90
6104
6131 3057 193.1 58.85
3033 215.0 65.55 6136 3059 195.2 58.90
6105 5079 215.5 65.70 6134 3062 194.2 59.20
6107 3075 214.6 65.40 6152 3067 193.6 59.00
6110 3072 214.3 65.30 6129 3071 192.5 58.65
6112 3068 214.0 65.25 6139 3065 193.9 59.10
6116 3068 211.5 64.45 6143 3067 193.5 58.90
6120 3070 211.3 64.40 6147 5069 195.0 58.85
6124 3072 212.0 64*60 6150 3072 192.6 58.70
6127 3074 211.4 64.45 6153 5075 191.9 58.50
6131 3076 211.0 64.30 6155 3078 191.9 58.50
6158 3032 191.4 53.55
P 327 6159 3087 190.2 57.95
6158 3093 190.0 57.90
6041 5137 249.9 76.15
6043 3183 250.3 76.30 P 531
6045 3179 249.4 76.00
6047 3175 249.5 76.05 6099 3195 210,0 64.00
6049 3171 249.5 76.00 6101 3190 209.6 63.90
6045 3169 243.3 75.70 6101 3185 208.9 63.65
6051 5167 243.2 75.65 6101 3180 208.4 63.50
6053 3163 245.5 74.85
6050 3161 244.6 74.55 P 532
6047 5159 243.8 75.85
6154 3087 215.4 65.65
P 528 6138 3099 214.3 65.30
6142 3091 213.6 65.IO
6119 5078 217.0 66.15 6146 3093 213.0 64.90
6122 3030 216.0 65.35
6121 3082 216.5 66.00 F 533
6124 3073 215.7 65.75
6126 3082 214.5 65.40 6060 5124 202.5 61,70
6130 3084 212.7 64.35 6063 3127 202.2 61.65
6066 3150 201.8 61.50
P 529 6069 3133 201.9 61.55
6072 3136 201.9 61.55
6021 3137 260.9 79.50 6076 3159 203.1 61.90
6020 3182 260.9 79.50 6079 3141 202.8 61.80
6017 3173 253.5 78.80 6083 3143 201.9 61.55
6014 3174 256.2 78.10 6087 3145 201.2 61.35
6025 253.3 78.90 6090 3148 200. S 61.20
6028 257.7 78.55 6093 5151 201.1 61.30
6032 254.1 77.45 6096 3154 200,3 61.05
6035 252.2 76.35 6099 3157 199.5 60.80
6038 2r2.3 76.90 6101 3161 199.1 60.70
6102 3165 199.2 60.70
p 530 6100 3166 199.3 60.75
6102 3170 193.2 60.40
6095 3063 195.9 59.70 6103 3174 199.3 60.75
331
6104 5179 198.9 60.60 6094 3052 193.5 59.00
6103 3183 197.5 60.20 6099 3051 193.4 58.95
P 334 F 533
6142 3081 202.3 61.65 6235 3170 183.0 55.30
6147 3082 201.9 61.55 6240 3169 182.8 55.70
6152 3085 199.3 60.75 6245 3168 131.8 55.40
6155 3089 196.5 59.90 6250 3167 182.2 55.55
6156 3095 195.2 59.50 6254 3167 132.1 55.50
6258 3167 182.6 55.65
P 535 6262 3167 112.6 55.65
6262 3171 181.8 55.40
6035 5150 261.8 79.80 6262 3164 192.4 55.60
6038 3146 259.6 78.80 6266 3167 182.4 55.60
6040 3142 259.5 73.80 6270 3166 180.9 55.15
6042 3139 258.2 78.70 6274 3165 131.3 55.25
6045 3140 258.9 78.90 6273 3164 181,4 55.30
6039 3137 258.1 73.65
6035 3135 358.3 78.75 P 541
6031 3133 256.3 73.25
6028 3131 254.3 77.50 6163 5097 187.0 57.00
6025 3129 252.3 77.05 6168 3101 187.9 57.25
6022 5126 252.9 77.10 6167 3106 187.4 57.10
6018 3124 249.4 76.00 6166 3110 186.7 56.90
6015 3122 252.6 77.00 6166 3115 136.8 56.95
6012 5120 255.3 77.80 6166 3120 185.2 56.45
6043 3155 257.0 73.35 6165 3125 137.3 57.10
6045 3152 256.3 73.10 6166 3129 187.8 57.25
6045 5130 256.2 73.10 6163 5133 138.1 57.35
6169 3137 187.3 57.10
P 536 6170 3140 137.5 57.15
6175 3133 185.1 56.40
6194 5167 132.6 55.65 6175 3145 135.5 56.55
6198 5170 183.9 56.05 6177 3147 134.7 56.30
6202 3171 183.9 56.05 6131 3149 183.2 55.35
6207 3171 183.5 55.95
6212 3171 183.3 55.35 p 542
6217 5170 182.7 55.70
6222 3170 182.0 55.45 6279 3163 183.3 56.OO
6226 3169 182.8 55.70 6283 3161 135.1 56.40
6238 3159 183.1 55.30
F 557
F
6067 3076 194.7 59.35
6069 3072 195.4 59.55 6171 3112 195.9 59.70
6072 3069 196.3 59.85 6172 3116 194.5 59.30
6075 3066 196.3 59.85 6173 3120 195.7 59.65
6078 3063 196.1 59.75 6174 3123 195,2 59.30
6081 3060 195.9 59.70 6175 3127 193.7 59.05
6084 3062 193.9 59.10 6176 3130 193.3 53.90
6078 3057 195.8 59.70 6173 3133 195.3 58.90
6084 3057 195.5 59.60 6179 3137 193.0 53.85
6087 5055 194.8 59.40 6130 3140 192.3 53.75
6090 5053 194.2 59.20 6132 3143 192.9 59,30
332
6134 3147 102.8 58.75 F 549
6186 3150 192.5 58.65
6190 3148 191.6 59.40 6200 3122 233.1 71.05
6193 3146 190.5 58.00 6202 3126 231.5 70.55
6198 3152 191.9 58.50 6205 3129 231.7 70.556190 3155 191.0 58.20 6207 3132 232.5 70.85
6193 3157 190.7 58.15 6210 3128 233.1 71.056196 3159 190.8 58.15
6200 3160 190.5 58.00 F 550
6203 3160 190.2 57.95
6206 3161 189.8 57.85 6335 3146 175.4 53.456210 3161 189.4 57.75 6340 3145 175.8 53.^0
6214 5162 188.1 57.35 6345 3144 175.7 53.556218 3162 185.6 56.55 6350 3143 176.2 53.706222 3161 195.2 56.45 6354 3143 176.1 53.706226 3160 186.5 56.80 6358 5143 176.5 53.80
6363 3144 176.9 53.90
F 544 6363 3145 176.9 53.90
6293
6372 5147 176.2 53.70
3159 184.1 56.10 6371 3151 174.9 53.306298 3158 192.7 55.70 6376 3149 175.6 53.506302 3157 192.0 55.45 6381 3152 175.4 53.456506 3156 190.9 55.15 6385 3155 174.7 55.25
6389 3158 174.3 53.15
X 343 6392 3161 173.4 52.35
6184 3125 193.5 59.00 F 551
6187 3128 193.2 58.90
6190 3131 195.7 59.50 6205 3146 198.1 60.40
6193 3134 195.7 59.65 6209 3149 197.9 60.30
6195 5135 192.8 58.75 6213 3151 197.6 60.256198 3138 193.3 5-9.90 6216 3153 197.0 60.056200 3142 192.5 59.65 6219 3155 195.9 59.70
6223 3156 197.8 60.30F 546 6227 3157 199.C 60.55
6310 3153 177.8 54.20 F 55 2
6314 3152 177.1 54.00
6318 3151 177.7 54.15 6364 3158 183.5 57.456322 3150 178.1 54.30 6368 3158 188.5 57.45
6326 3149 178.2 54.30 6373 3159 183.C 57.556330 3147 178.4 54.40 6377 3160 137.7 57.20
6376 3164 133.5 57.40
F 548 6382 3162 187.2 57.05
6396 3165 186.4 56.80
6328 3153 170.6 54.75 6389 3169 136.5 56.80
6333 3151 179.4 54.70 6393 3169 136.6 56.90
6338 3150 190.4 55.00 6398 3171 137.4 57.10
6343 3150 180.5 55.00
6343 3153 178.7 54.45 F 553
6349 3151 179.9 54.85
6354 3151 179.4 54.70 6237 3110 253.0 79.65
6359 3152 179.3 54.50 6241 5112 257.9 78.60
6564 3153 178.0 54.25 6245 3113 257.8 78.60
333
6249 5115 258.1 73.65 6251 3151 181.4 55.30
6255 3149 180.8 55.10
F KA
F 565
6400 3164 130.5 55.00
6403 3166 130.1 54.90 6394 3143 177.7 54.15
6407 3168 179.3 54.65 6399 3150 177.3 54.05
6411 3170 179.4 54.70 6402 3152 176.1 53.70
6410 3174 179.1 54.60 6406 5154 175.5 53.50
6416 3172 179.6 54.45 6410 3156 172.9 52.70
6420 3174 179.5 54.40 6414 3153 174.2 53.10
6424 3176 177.9 54.20 6416 3155 172.1 52.45
6429 3179 177.2 54.00 6418 3160 173.2 52.80
6433 3190 176.9 53.90 6422 3162 173.4 52.85
6437 3182 176.4 53.75 6426 3164 172.4 52.55
6440 3194 175.7 53.55 6430 3166 172.3 52.50
6445 3197 176.6 53.85 6434 3169 172.4 52.55
6449 3190 173.9 53.00 6439 3171 171.6 52.50
6451 5192 173.7 52.95 6442 3174 171.3 52.20
6454 3195 173.5 52.90 6446 3176 170.4 51.95
6450 3173 170.0 51.90
F 555 6454 3179 169.3 51.60
6453 3181 169.0 51.50
6243 3131 225.6 68.75 6462 3182 163.8 51.45
6249 3131 224.8 68.50 6466 3183 163.3 51.50
6249 3127 225.8 68,80
3 3132 225.1 68.60 F 571
6257 3132 225.2 63,65
6262 3132 223.1 63.00 6437 3161 215.5 65.70
6272 3131 219.2 66.80 6450 5166 214.9 65.50
6276 5133 219.3 66.85 6454 3163 214.3 65.30
6282 3135 217.9 66.40 6455 3162 214.9 65.50
6286 3137 213.8 66.70 6456 3158 213.3 65.15
6457 3154 211.6 64.50
F 556 6458 5150 212.3 64.70
6460 3146 212.7 64.35
6449 3187 169.1 51.55 6461 3142 212.3 64.70
6453 3189 169.3 51.60 6462 3133 211.9 64.60
6458 3191 170.6 52.00 6463 3134 209.5 63.85
6462 3191 170.7 52.05 6464 3129 206.6 63.OO
6467 3192 170.3 51.90 6465 3124 210.8 64.25
6473 3194 169.5 51.65 6466 3121 215.1 65.55
6478 3194 167.7 51.10 6456 3167 214.3 65.50
6493 3195 163.5 51.35 6461 3166 212.4 64.75
6489 3196 163.7 51.40 6466 3165 211.4 64.45
6494 3196 168.0 51.20 6470 3165 210.5 64.15
6474 3165 203.9 63.65
F 559 6478 3164 207.5 63.25
6480 3160 206.3 63.05
6231 5160 181.7 55.40 6433 3164 207.3 63.35
6235 3159 191.2 55.25 6486 3165 207.7 63.30
6239 3157 190.7 55.10 6490 3164 207.5 63.25
6243 3155 190.4 55.00 6436 3168 198.3 60.60
6247 3153 130.9 55.15 6490 3167 199.4 60,80
6246 3149 130.5 55.00 6494 3165 199.5 60.80
6499 3163 199.4 60.80
6502 3161 199.2 60.70
6506 3147 200.6 61.15
6507 3143 198.9 60.60 6532 3160 166.7 50.30
6508 3139 199.9 60,60 6536 3158 166.2 50.65
6509 3135 200.6 61.15 6541 3157 166.4 50.70
6510 3130 201.6 61.45 6545 3155 166.8 50.85
6511 3126 205.2 61.95 6549 3155 165. a 50.55
6512 3156 200.4 61.10 6552 3150 165.4 50.40
6516 3137 201,1 61.50 6555 3148 165.3 50.40
6520 3138 197.6 60.25 6559 3146 164.7 50.20
6524 3140 197.3 6O.15 6562 3144 I64.I 50.00
6528 3142 197.0 60.05 6566 5141 163.6 49.85
6532 3141 199.7 60.85 6570 3139 164.0 50,00
6536 3141 198,7 60.55 6573 3136 163.7 49.90
6540 3141 197.2 60,10 6576 3134 165.1 50.30
6544 3140 191.7 58.45 6580 3132 165.5 50.45
6549 3139 189.8 57.85 6593 3129 165.0 50.30
6952 3139 192.3 58.60 6587 3127 163.0 49.70
6555 3135 195.3 58.90
6559 5133 194.2 59.20 F 576
6771 3183 156.1 47.60
6775 3185 156.0 47.55
6453 3175 182.9 55.75 6779 3187 156.6 47.75
6459 3176 182.3 55.55 6782 5190 157.4 48.00
6462 3179 180.3 54.95 6734 5193 157.1 47.90
P 574 F 577
6776 3193 179.4 54.40 6581 3125 169.1 51.55
6780 3196 178.4 54.40 6535 3125 163.8 51.45
6778 3199 175.9 53.60 6588 3121 167.5 51.05
6776 3202 174.7 53.25 6592 3118 166,5 50.75
6775 3206 174.9 53.30 6595 3116 166.1 50.65
6783 3199 176.5 55.80 6599 3114 166,3 50.70
6602 3112 165.4 50.40
F 575 6606 3110 164.6 50.15
6610 3108 163.3 49.75
6466 3180 176,3 53.75
6471 3191 176.6 53.95 CDC-LP
6475 3182 176.3 53.75
6479 3183 175.3 53.60 6791 3197 157.3 47.95
6495 5183 175.3 53.45 6794 3199 156.9 47.80
6487 3184 174.4 53.15 6798 3201 156.4 47.65
6492 3184 173.1 52.75 6302 5203 155.9 47.50
6496 3134 173.2 52.80 6805 5205 154.8 47.20
6498 3190 171.1 52.15 6803 3207 155.2 47.50
6501 5182 170.1 51.85 6812 3209 155.3 47.35
6504 3179 170.0 51.80 6316 3211 155.4 47.35
6508 3177 169.4 51.65 6314 3214 153.5 46.80
6511 3174 169.1 51.55 6312 3217 152.4 46.45
6515 5172 169.0 51.50 6820 3213 153.9 46.90
6519 3170 169.1 51.55 6325 3216 152.9 46.60
6522 3167 163.9 51.50 6826 3219 152.2 46.40
6525 5165 168.2 51.25 6329 3222 151.8 46.25
6523 3161 167.5 51.05 6331 3226 150.5 45.35
6529 3163 168.2 51.25 6333 3230 149,5 45.55
335
6836 5233 149.2 45.50 7095 5404 146.7 44.70
6838 3236 148.2 45.15 7083 3407 146.7 44.70
6840 3240 148.6 45.30 7080 3411 146.1 44.55
6841 3244 148.5 45.25 7076 3414 146.4 44.60
6842 3248 147.7 45.00 7075 3417 144.8 44.15
6342 3252 148.3 45.20 7984 3405 146,2 44.55
7082 3408 145.9 44.45
F 580 7083 3412 144.3 44.15
7093 3416 144.5 44.00
6909 3341 145.4 44.50 7984 3420 146.6 44.70
6913 3344 144.8 44.15 7083 3421 145.4 44.50
6917 3347 144.5 44.05 7081 3421 144,0 44.15
6921 3350 143.9 43.85 7080 3422 143.8 43.95
6924 3353 143.6 43.75 7078 3423 144.9 44.15
6929 3356 143.5 43.75 7085 3419 146.6 44.70
6933 3353 143.1 45.60 7086 3418 145.8 44.45
6937 3361 142.7 43.50 7087 3418 144.5 44.05
7086 3424 145.1 44.25
F 531 7084 3424 143.3 43.70
7088 3427 143.3 43.70
6717 3134 193.2 58.90 7092 3430 144.0 45.90
6720 3129 192.6 58.70 7096 5434 142.8 43.55
6724 3125 195.1 58.85 7999 3437 142.7 43.50
6720 3137 192.8 58.75 7191 3440 142.0 43,30
6723 3140 190.7 58.15 7104 3443 142.0 43.30
6728 3126 191.9 58,50 7107 3447 143.0 43.60
6732 3127 190.7 58.15 7111 3450 140.9 42.95
6736 3128 189.8 57,85 7115 3452 141.0 43.00
6740 3130 189.3 57.70 7119 3453 141.3 43.20
7123 3456 141.0 43.00
F 582 7127 3458 141.3 43.05
7151 5460 141.9 43.25
7008 3357 154.3 47.05 7135 3461 142.0 43.39
7911 3360 153.0 46,65 7140 3465 142.3 43.35
7015 3363 152.2 46.40 7140 3464 142.0 43.39
7019 3566 152.9 46.60 7139 3465 141.6 43.15
7024 3368 153.2 46.70 7139 3467 141.5 43.15
7029 3370 152.5 46.50 7133 3468 140.9 42.95
7035 3371 152.3 46.40 7137 3469 140.5 42.75
7040 3372 151.4 46.15 7142 3464 142.0 43.50
7033 3375 152.1 46,35 7147 5466 149.6 42.35
7935 3377 155.4 47.35 7151 3468 139.4 42.50
7033 3379 159.2 49.50 7155 5470 138.0 42.05
7945 3370 150.9 46.OO 7153 3471 133.9 42.35
7050 3373 150.5 45.85 7163 3471 138.3 42.15
7053 3377 150.3 45,80 7167 5469 139.6 42.55
7057 3380 149.3 45.50 7171 3467 141.2 43.95
7962 3382 147.8 45.05 7175 3468 141.1 43.09
7066 3384 147.5 44.95 7190 3469 140.4 42.30
7969 3386 147.0 44.90 7194 3470 140.2 42.75
7073 5388 147.1 44.95 7188 3470 133.5 42.20
7077 3390 149.3 45.20 7192 5468 136.9 41.75
7080 3393 146.8 44.75 7196 3465 135.9 41.40
7984 3396 146,7 44.70 7199 3462 136.6 41.65
7085 3399 146.2 44.55 7202 3459 157.4 41.90
7205 3456 139.2 42.10 6860 3255 146.7 44.70
7208 3453 139.2 42.10 6863 3258 147.3 44.90
7211 3450 137.7 41.95 6865 5262 146.5 44.65
7213 3452 139.7 42.30 6368 3266 146.4 44.60
7217 3448 139.3 42.45 6871 3271 146.8 44.75
7221 3445 140.0 42.65 6875 3275 146.4 44.60
6878 3273 146.8 44.75
F 583 6380 3282 147.4 44.95
6332 3236 146.8 44.75
6792 3182 145.8 44.45 6885 3290 146.9 44 . 80
6795 3134 145.3 44.30 6887 3295 147.6 45.00
6790 3187 145.2 44.25 6890 3300 147.1 44.35
6802 3190 144.9 44.15 6892 3304 146.6 44.70
6304 3186 147.5 44.95 6895 5308 146.0 44.50
6307 3139 147.8 45.05 6897 3312 145.0 44.20
6811 3191 147.7 45.00 6899 5316 145.5 44.35
6815 3193 147.5 44.95 6901 3320 145.2 44.25
6818 3196 147.8 45.05 6903 3323 144.4 44.00
6822 3199 147.9 45.10 6906 3326 144.1 43.90
6825 3201 147.7 45.00 6910 3328 143.8 43.85
6329 3203 147.1 44.35 6915 3330 144.0 43.90
6832 3206 144.5 44.05 6917 3332 143.6 45.75
6921 3333 143.3 43.70
F 594 6925 3334 143.0 43.60
6929 3336 143.6 43.75
7012 3357 135.5 41.25 6935 3338 142.2 43.35
7ol7 3357 135.4 41.25 6957 3540 142.1 43.30
7022 3357 135.1 41.20 6941 5342 142.1 43.30
7025 3357 134.1 40.85 6945 3344 141.5 43.15
7030 3357 133.2 40.60 6948 3346 141.7 43.20
7034 3357 134.9 41.10 6952 3348 141.4 43.10
7038 3357 134.9 41.10 6955 3350 142.2 43.35
7043 3357 134.5 41.00 6956 3346 140.4 42.80
7047 3357 133.0 40.55 6953 3342 139.6 42.55
7052 3357 133.4 40.65 6959 3337 140.0 42.65
7057 3357 134.1 40.35 6961 3335 139.3 42.45
7060 3356 134.5 41.00 6962 3329 137.8 42.00
7058 3359 154.2 40.90 6964 3325 135.1 41.20
7056 3361 133.2 40.60 6965 3520 134.1 40.85
7054 3364 132.9 40.50 6959 3350 140.3 42.75
7052 3367 133.5 40.70 6963 5351 140.4 42.80
7065 3355 133.9 40.80 6967 3351 139.7 42.60
7070 3355 134.5 41.00 6972 3351 139.4 42.50
7074 3357 132.3 40.55 6976 5351 139.1 42.40
7077 3359 135.1 40.55 6930 5351 138.2 42.10
7073 3363 133.4 40.65 6984 3349 137.8 42.00
7079 3367 132.7 40.45 6987 3346 138.7 42.30
7080 3372 132.7 40.45 6990 3343 138.6 42.25
7081 3376 131.7 40.15 6994 3340 138.5 42.20
7092 5330 150.7 50.85 6908 3337 138.0 42.05
7083 3335 123.4 39.15 7001 3334 137.4 41.90
7005 3332 154.9 41.10
F 595 7008 3330 135.2 41.20
7011 3327 13*5.1 41.50
6358 3252 147.0 44.80 7015 3325 135.8 41.40
337
7019 3323 133.1 40.55 7042 3336 121.1 36.90
7023 3321 133.0 40.90 7046 3334 121.3 36.95
7027 3319 134.9 41.10 7052 3335 121.1 36.90
7052 3332 121.5 36.95
F 586 7053 3330 121.0 36.90
7053 3329 120.9 36.30
7012 3350 123.0 37.50 7057 3335 120.4 36.70
7013 3348 122.6 37.55 7061 3337 119.5 36.35
7015 3345 122.9 37.45 7066 3339 118,9 36.20
7018 3342 122.1 37.20 7070 3343 117.6 35.35
7022 3339 121.4 37.00 7074 3346 117.1 35.70
7025 3337 121.7 37.10 7073 3549 117.0 35.65
7026 3338 120.7 36.90
7027 3339 120.2 36.65 F 589
7023 3340 119.9 36.55
7024 3335 121.2 36.95 6977 3359 121,9 37.15
7028 3334 121.0 36.90 6981 3357 121.9 37.15
7030 3332 120.3 36.65 6935 3356 122.4 37.50
7033 3330 118.6 36.15 6999 3554 122.3 37.30
7036 3329 117.3 35.75 6992 3351 121.9 37.15
7039 3328 117.5 35.75 6996 3349 121.5 37.05
7042 5327 115.9 35.35 7000 3347 120.9 36.95
7003 3344 120.6 36.75
F 537 7006 3342 120.1 36.60
7009 3339 119.5 36.40
6383 5271 167.6 51.10 7007 5337 119.9 36.55
6336 5275 167.3 51.00 7012 3337 120.6 36.75
6890 3279 168.5 51.35 7015 3334 120.1 36.60
6393 3282 167.5 51.05 7018 3331 119.1 36.30
6396 3285 166.9 50.60 7021 3323 118.7 36,20
6899 3289 166.1 50.65 7024 3325 117.7 35.95
6902 3293 165.4 50.40
6905 5296 162.7 49.60 F 590
6909 3298 161.5 49.25
6913 5300 160.2 48.85 7035 3345 124.5 37.95
6918 3302 159.0 48.45 7040 3544 125.0 39.10
6922 3305 150.5 48.60 7045 3345 124.5 37.95
6927 3306 159.9 48.75 7050 3346 124.7 33.00
6930 3301 156.9 47.90 7055 3347 125.0 38.10
6032 3299 156.5 47.70 7060 3348 122.7 37.40
6932 3307 159.5 49.60 7066 3348 120.4 36.30
6936 3308 158.6 49.35
6941 3309 158.4 49.30 F 591
6 '145 3310 156.6 47.75
6950 3311 157.8 49.10 6990 3356 127.0 39.70
6955 3312 157.5 4'3.00 6993 3354 127.1 33.75
6959 3313 155.9 47.50 6986 3352 126.9 33.65
6964 3314 153.4 46.75 6990 3350 126.7 33.60
F 583 F 592
7026 3346 121.3 36.95 7092 3374 120.5 36.65
7029 3343 122.4 37.30 7093 3379 120.3 36.65
7033 3341 121.8 37.10 7094 3392 118.6 36.15
7037 3338 121.3 36.95 7095 3386 119.2 36.05
7096 3390 118.4 36.10 7125 3402 114.5 34.90
7097 3595 117.4 35.30 7127 3404 114.6 34.95
7097 3399 117.5 35.80 7124 3407 113.7 34.65
7093 3404 117.6 35.85 7121 5409 112.9 34.40
7118 3412 112,1 34.15
F 593 7115 5414 111.1 35.85
7112 3417 114,5 34.90
7105 3363 131.2 40.00 7109 3419 114.2 34.30
7108 3366 129.8 39.55 7128 3406 114.0 34.75
7111 3369 129.9 39.60 7131 3408 113.6 34.65
7114 3372 128.7 39.25 7134 3411 113.2 34.50
7117 3376 127,3 39.80 7138 3415 113.6 34.65
7119 5330 127.7 39.90 7141 3418 112,8 34.40
7122 3333 126.5 39,55 7144 3420 112.3 34.25
7125 3386 127.5 39.35 7147 3424 112.5 34.30
7123 3389 127.9 39.00 7150 5427 112.2 54.20
7151 3391 128.0 39.00 7153 3430 111.9 34.10
7154 5594 128.8 39.25 7156 3433 112.0 34.15
7155 3392 128.5 39.15 7159 3437 112.3 34.25
7156 3390 128.3 39.10
7137 3396 128.3 39.10 F 597
7141 3399 127.9 39,00
7145 3401 127.0 39.70 7160 3413 115.0 35.05
7149 3403 127.2 38.75 7164 3415 115.0 38,05
7152 3405 125.6 53,30 7168 3417 114.3 35.00
7172 3418 114.6 34.95
F 594 7177 3419 114.4 34.35
7131 3419 113.3 34.55
7096 3371 113.9 34.70 7186 3420 113.0 34.45
7098 3373 114.4 54.85 7186 3417 112.5 34.30
7101 3377 113.2 34.50 7136 3414 112.2 34' 20
7103 3330 118.0 34.45 7136 3423 108,2 35.00
7106 3333 112,5 34,30 7186 3426 108,2 33.00
7103 3386 112.3 34.25 7185 3429 109.7 33.45
7111 3389 112.2 34.20 7190 3421 111.5 34.00
7194 2422 110.9 33.30
F 595 7199 3423 112.1 34.15
7102 3365 113.2 34.50 F 598
7105 5368 113.7 34.65
7108 3371 113.7 34.65 7089 3404 129.7 39.55
7110 3375 113.4 34.55 7090 3407 131.2 40.00
7113 3378 113.1 54.45 7093 3410 151.3 40,00
7114 3378 113.8 34.70 7097 3414 131.1 39,95
7116 3581 112,9 34.40 7099 3418 130.3 39.70
7119 3384 112.4 34.25 7101 3422 129.4 39,45
7121 3397 112*1 34.15 7103 5426 128.4 39.15
7107 3427 128,2 39,10
F 596 7111 3428 129.1 39.35
7112 3427 126.1 33.45
7110 3390 115.3 35.30 7109 3430 123.3 39,10
7112 3392 115.5 38.20 7107 3432 128.2 39,10
7115 3395 115.6 35.25 7105 3435 129.2 39.40
7119 3398 114.8 35.00 7103 3437 130,0 39.60
7122 3400 114.7 34.95 7114 3429 127.8 38,95
339
7113 3432 128.9 39.30 7148 3408 114.9 35.00
7123 3435 120.7 39.25
7126 3433 127.2 50.75 F 602
7129 3443 128.5 39.15
7131 3448 127.5 33.80 7183 3465 121.5 37.05
7133 3453 126.6 33.60 7190 3460 122.6 37.55
7135 3457 127.1 38.75 7193 3454 124,0 37.30
7195 5443 122.0 37.20
F 599 7196 3446 122.2 37.25
7150 3412 112.1 34.15 F 603
7153 3415 111.8 34.10
7156 3417 111.7 34.05 7160 3409 120.6 36.75
7159 3420 111.4 33.95 7165 3410 120,9 36.85
7162 3422 11J.0 33.85 7167 3411 120.7 36.80
7166 3424 111.5 34,00 7167 3410 120.4 36.70
7165 3426 110.7 33.75 7168 3409 119.7 36.50
7165 3428 110.4 33.65 7168 3407 119,5 36.40
7167 3421 108,6 33.10 7170 3412 120.4 36.70
7168 3418 110.1 33.55 7175 3413 U8.5 36.10
7170 3426 110.3 33.60 7180 3414 116.7 35.55
7174 3427 110.2 33.60 7185 3415 116.8 35.60
7173 3427 109.9 33.50 7190 3416 115.4 35.15
713? 3427 109.7 33.45 7194 3417 116.1 .35.40
7137 3427 108.9 33.20 7199 3418 115.7 35.25
7192 3427 108.7 33.15 7203 3413 116.8 35.60
7196 3426 108.3 33.00
F 604
F 600
7202 3453 114.0 34.75
7154 3460 122.7 37.40 7203 3449 115.0 35.05
7155 3458 121.7 37.10
_
7202 3444 114.6 34.95
7201 3440 113.5 34.60
7157 3438 123.8 37.75 7201 3435 110.8 33.75
7140 3440 121.1 56.90 7197 3434 110.7 33.75
7146 3441 122.2 37.25 7206 3434 111.0 33.35
7144 3446 121.1 36.90 7211 3434 110.3 33.60
7143 3452 113.7 36.20 7215 3433 110.2 33.60
7141 3458 118.0 35.95 7220 3433 110.2 33.60
7151 3443 122.8 37.45
7157 3443 124.2 37.85 F 606
7162 3444 123.9 37.75
7163 3444 122.4 37.30 7205 3431 106.7 32.50
7173 3445 122.5 37.35 7209 3431 106.4 32.45
7173 3440 119.7 36.50 7215 3430 105.6 32.20
7173 3451 121.1 36.90 7217 3430 105.5 32.15
7173 3456 119.8 36,50 7220 3429 105.7 32.20
7173 3462 117.5 35.80 7224 3428 106.5 32.45
7179 3445 121.4 37.00 7228 3427 105.8 32.25
7134 3445 118,5 36.10 7231 3426 105.5 32.15
7139 3445 113.4 36.10 7231 3427 105.5 32.15
7230 3425 105.1 32.05
F 601 7235 3425 105.4 32.15
7238 3424 105.7 32.20
7140 3403 116.7 35.55 7241 3423 1^5.8 32.25
7145 3406 115.6 35.25 7245 3421 104.8 31.95
340
7245 3420 104.0 31.70 7325 3419 114.0 34.75
7245 3422 105.7 32.20 7327 3417 112.6 34.30
7247 3418 104.3 31.80 7330 3416 111.4 33.95
7250 3416 104.2 31.75 7332 3414 110.3 33.60
7253 3413 103.9 31.65 7334 3413 108.7 33.15
7256 3410 104.6 31.90 7323 3417 112.2 34.20
7257 3407 104.4 31.80 7321 3421 110.6 33.70
7258 3403 104.7 31.90 7319 3426 110.8 35.75
7317 3430 111.5 34.00
P 607 7315 3434 111.7 34.05
7313 3439 111.5 34.00
7190 3379 128.5 39.15 7312 3442 112.2 34.20
7194 3382 129.3 39.40 7327 3422 113.9 34.70
7197 3385 129.2 39.40 7328 3425 113.6 34.65
7200 3388 129.4 39.45 7331 3427 113.5 34.60
7199 3589 128.5 39.15 7334 3429 113.0 34.45
7201 3386 129.7 39.55 7337 3432 112.0 34.15
7202 3384 128.3 39.10 7340 3454 111.4 33.95
7203 3383 127.2 38.75 7347 3435 111.6 34.00
7350 3435 110.4 33.65
P 603 7354 3457 109.5 33.40
7357 3459 109.4 33.35
7227 3446 140.5 42.75 7360 3441 109.6 33.40
7225 3449 139.4 42.50 7363 3444 110.0 33.55
7223 3452 138.7 42.30 7366 3446 109.8 33.45
7220 3455 138.3 42.15 7369 3448 108.3 33.00
7218 3458 138.2 42.10 7373 3452 109.4 33.35
7216 3462 135.7 41.35 7377 5455 109.7 33.45
7214 3466 135.5 41.30 7380 3458 108.3 33.00
7215 3469 136.4 41.55 7593 3461 108.0 32.90
7211 3472 137.7 41.95 7385 3464 109.0 32.90
7209 3475 137.8 42.00 7388 3468 108.0 32.90
7207 3479 137.2 41.80 7391 3471 107.5 32.75
7205 3482 137.2 41.80 7393 3474 108.3 53.00
7396 3477 107.6 32.80
F 614 7398 3480 107.7 32.85
7400 3483 109.1 33.25
7274 3392 118.0 35.95 7398 3435 196.6 32.50
7278 3394 117.3 35.75 7396 3487 107.5 32.75
7282 3397 115.7 35.25
7286 3400 115.1 35.10 F 616
7290 5403 114.4 34.85
7296 3402 114.3 34.85 7308 3367 109.1 33.25
7500 3402 114.2 34.80
7304 3403 114.7 34.95 P 617
7300 3406 116.8 35.60
7297 3410 116.8 35.60 7202 3361 108.0 32.90
7309 3406 114.3 34.85 7205 3363 109.3 33.00
7312 3409 114.1 54.80 7208 3365 107.8 32.05
7315 5412 115.3 55.15 7211 3368 107.3 32.70
7312 3414 114.6 34.95 7213 3370 107.5 32.75
7310 3417 114.2 34.80 7211 3372 105.6 32.20
7307 5420 113.7 34.63 7209 3373 107.0 32.69
7306 3421 114.1 34.80 7215 3373 196.3 32.40
7318 3414 114.7 34.95 7217 3377 195.8 32.25
7321 3416 114.4 34.85 7219 3380 195.0 32.00
ON b-> CD F 624
7287 3362 103.0 31.40 7372 3475 121.7 37.10
7291 3560 101.4 30.90 7376 3475 118.8 36.20
7296 5359 101.4 30.90 7379 3477 120.5 36.75
7500 3360 101.5 30.95 7382 3479 122.0 37.20
7505 3361 101.3 30.90 7383 3478 120.9 36.85
7509 3363 101.2 30.85 7382 3431 121.3 36.95
7315 3365 101.3 50.90 7381 3482 120.4 36.70
7317 3363 101.0 30.80 7386 3481 122.1 37.20
7521 3371 100.4 30.60 7339 3483 120.9 36,85
7323 3375 100.1 30.50 7391 3485 120.6 36.75
7394 3437 120.6 36.75
P 619 7396 3490 121.1 36.90
7200 3402 118.1 36.00 F 62'
7204 3400 118.3 36.05
7200 3398 116.8 35.60 7211 3352 115.2 35.10
7212 3404 113.1 36.00 7215 3354 113.6 34.65
7215 3406 117.8 35.90 7219 3356 112.8 34.40
7219 3408 116.2 35.40 7223 3359 112.5 34.30
7211 3400 117.0 35.65 7227 3362 111.7 34.05
7215 3397 116.3 35.45 7225 5366 110.4 33.65
7218 3395 116.2 35.40 7229 5359 113.5 34.60
7222 3393 116.1 35.40 7230 3355 111.1 33.85
7232 3352 109.7 33.45
P 620 7233 3548 109.0 33.20
7235 3345 108.5 33.95
7327 3382 105.5 32.15 7237 3342 108.6 33.10
7330 3386 103.6 31.60 7238 3538 107.1 32.65
7335 3398 104.6 31.90 7240 3335 107.5 32.75
7333 3399 103.3 31.50 7231 3365 111.1 33.85
7332 3400 103.1 31.40 7235 3368 111.3 33.90
7350 3401 103.2 31.45 7239 5371 112.2 34.20
7336 3403 103.7 31.60 7242 3374 113.4 34,55
7339 3407 103.4 31.50 7246 3375 111.4 33.95
7250 3372 110.5 33.70
F 6?1 7253 3369 110.2 33.60
7255 3565 109.8 33.45
7208 3418 112.9 34.40 7258 3361 100.8 33.15
7211 3413 115.1 35.10 7260 3357 107.7 32,85
7215 3418 115.0 35.05 7263 3354 107.2 32.65
7213 3417 114.3 34.85 7262 3350 107.4 32.75
7221 3416 113.5 54.60 7260 3347 106.4 32.45
7225 3416 113.5 34.60 7250 3343 105.1 32.05
7223 3415 114.2 34.80 7257 3539 104.2 31.75
7251 3414 113.3 34.55 7255 3335 104.1 31.75
7228 3412 112.6 34.50 7212 3340 116.8 35.60
7225 3411 112.6 34.30 7214 3346 115.8 35.30
7222 3409 113.6 34.65 7217 5343 114.7 34.95
7234 3411 112.7 34.35 7219 3340 113.2 34.50
7237 3408 112.4 34.25 7222 3338 113.2 54.50
7239 5406 112.2 34.20 7225 3336 112.8 34.40
7241 3403 112.1 34.15 7228 3337 112.4 34.25
7243 3400 111.7 34.05 7232 3337 110.1 33.55
7244 3307 111.0 33.35 7235 3337 108.8 53.15
7245 5394 109.6 33.40 7258 3336 197.4 32.75
7242 3336 106.4 32.45 7498 3570 111.9 34.10
7246 3336 104.7 31.90 7502 3581 106.6 32.50
7250 3336 103.9 31.65 7503 3585 107.9 32.90
7505 3589 106.2 32.35
P 626 7507 3593 IO6.5 32.45
7509 3597 106.6 32.50
7451 3520 94.4 29.75 7511 3600 IO6.3 32.40
7454 5522 94.0 23.65 7513 3603 106.1 32.35
7457 3524 93.9 28.60 7515 3606 106.6 32.50
7461 3527 93.2 28.40 7518 3609 106.4 32.45
7464 3529 93.6 23.55 7518 3613 105.1 32.05
7467 3531 95.4 28.45 7521 3615 104.7 31.90
7470 3533 93.9 28.60 7524 3618 106.0 32.30
7525 3623 106.7 32.50
F 627 7521 3623 103.1 31.40
7518 3624 102.1 31.10
7277 3352 112.8 34.40 7525 3627 103.1 31.40
7280 3349 111.6 54.00
7277 3346 112.3 34.25 F 631
7274 3343 112.6 34.30
7271 3341 113.3 34.55 7375 3418 99.7 30.40
7285 5348 111.3 33.90 7377 3423 98.7 30.10
7379 3427 99.6 30.35
P 628 7382 3430 99,0 30.20
7383 3435 99.9 30.45
7483 3556 116.8 55.60 7385 3433 100.4 50.60
7485 3559 116.0 35.35 7337 3442 100.3 30.55
7486 3562 116.9 35.65 7390 3446 100.1 30.50
7488 3565 116.8 35.60 7392 3449 100.0 30.50
7490 3569 116.5 35.50 7395 5455 99.5 30.35
7492 3572 117.2 35.70 7397 3456 99.2 30.25
7494 3575 116.5 35.50 7399 3453 99.1 30,20
7401 3451 97.9 29.35
F 629 7403 3449 96.8 29.50
7405 3445 101.0 30.80
7376 3393 125.9 37.75 7400 3459 99.5 30.35
7373 3397 123.3 37.60 7402 3462 99.6 30.35
7530 3401 123.2 37.55 7405 3465 99.4 30.50
7332 3405 123.0 37.50 7403 3468 98.1 29.90
7335 3408 122.3 57.30 7412 3471 97.3 29.65
7333 3406 122.2 37.25
7387 3411 121.0 36.90 F 632
7390 3415 120.9 56.80
7593 3416 118.9 56.25 7480 3547 102.5 31.25
7433 3548 102.5 31.25
F 630 7437 3550 102.5 31.25
7491 35!"2 101.5 30.95
7430 3548 114.5 34.00 7495 3555 101.1 30.80
7433 3550 112.9 34.40 7499 3558 101.1 30.30
7436 3553 110.1 33.55 7502 3561 101.2 30.95
7488 3555 112.2 34.20 7505 3564 100.5 30.65
7491 3558 113.0 34.45 7507 3568 99.7 30.40
7489 3559 112.9 34.40 7509 3570 99.1 30.20
7493 5561 U3.1 34.45 7512 3573 99.6 50.35
7496 3565 112.6 34.30 7516 3575 100.0 30.50
343
7520 3578 100.6 30.65 7515 3553 96.6 29.45
7524 3580 99.6 30.35 7513 3555 97.0 29.55
7528 5582 100.9 30.75 7522 3557 96.3 29.35
7524 3584 99.4 30.30 7525 3560 95.9 29.25
7519 3585 98.6 30.05 7527 3563 95.1 29,00
7515 3587 97.0 29.55 7530 3566 94.7 28,85
7531 3586 101.6 30.95 7532 3569 94.5 28.80
7533 3591 101.3 30.90 7534 3572 94.1 28.70
7534 3595 101.4 50.90 7537 3575 93.6 23.55
7535 3599 100.9 30.75 7539 3573 94.1 23.70
7537 3604 100.6 30.65 7535 3580 92.0 28.05
7535 3608 98.7 30.10 75 33 3531 91.1 27.75
7534 3611 94.2 28.70 7542 3576 94.0 20.65
75 33 3615 93.9 28.60 7541 3580 92.9 28.30
7536 3620 94.6 23.85 7543 3584 91.0 27.75
7538 3624 94.6 28.85 7544 3588 91.1 27.75
7535 3625 95.0 28.95 7546 3592 91.2 27.80
7532 3626 94.1 23.70 7547 3596 91.9 23.00
7528 3627 94.1 28.70 7543 5600 91.9 28.00
7539 3627 94.9 28.95 7548 3604 91.5 27.90
7540 3630 94.3 23.75 7549 3608 91.7 27.95
7540 3634 93.4 23.45 7550 5613 91.5 27.90
7540 3658 92.4 28.15 7549 3617 92.0 28.05
7540 3642 90.9 23.70 7548 3619 92.1 29.05
7540 3646 91.3 27.85 7547 3623 91.1 27.75
7540 3650 90.8 27.70 7546 3627 90.5 27.60
7540 3654 90.9 27.70
7540 3653 90.8 27.70 P 635
P 653 7418 3450 107.3 32,70
7413 3453 106.6 32.50
7374 3413 99.5 30.35 7419 3459 106.2 32,35
7373 3423 99.1 30.20 7420 3464 106.7 32.50
7374 3427 99.1 30.20 7422 3468 105.0 32.00
7376 3431 99.1 30.20 7425 3464 105.2 32.05
7378 3435 99.6 30.35 7428 3460 104.0 51.70
7381 3438 99.0 30.20 7431 3457 104,1 31.75
7383 3442 98.1 29.90 7433 3458 105.6 32.20
7386 3445 97.0 29.55 7436 3460 105.3 32.10
7439 3462 106.1 32.35
P 634 7443 3464 107.2 32,65
7446 3466 106.8 32.55
7456 3528 97.5 29.70 7450 3468 106,1 32.35
7460 3530 93.2 29.95 7454 3471 106.2 32.35
7465 3532 93.1 29.90 7453 3473 106.0 32.30
7469 3534 97.8 29.80 7462 3475 106.0 32.30
7473 3536 97.3 29.80 7466 3477 105.5 32.15
7477 3533 97.2 29.65 7470 3479 104.9 51.05
7484 3542 95.7 29.15 7473 3482 104.6 31.90
7488 3544 95.5 29.05 7474 3486 104.1 31.75
7493 3546 94.5 23,80 7475 3491 104.1 31.75
7497 3547 94.9 28.95 7478 3494 104.2 31.75
7502 3549 95.8 29.20 7432 3494 105.3 32.10
7506 3550 06.2 29.30 7435 3497 106.1 32.35
7511 3552 96.5 29.35 7439 3501 104.9 31.95
344
7492 3504 104.7 51.90 7479 3514 96.5 29.40
7494 3500 103.1 31.40 7433 3515 96.9 29.55
7493 3496 104.5 31.95 7480 3519 97.3 29.65
7497 3504 104.0 31.70 7473 3523 96,1 29.30
7502 3505 103.0 31.40 7430 5511 96.1 29.30
7506 5505 102.5 31.25 7477 3509 95.8 29.50
7510 3505 103.3 31.50 7437 3513 96.6 29.45
7512 3509 101.5 30,95 7491 3520 96.1 29.30
7514 3512 100.7 30.70 7495 5522 95.6 29,15
7516 3516 101.0 30.80 7499 3524 94.9 23,95
7510 3519 100.0 30.50 7502 3526 95.0 29,95
7519 3520 100.6 30.65 7506 3523 95.0 23.95
7510 3530 95.3 29.05
P 636
P 633
7487 3533 92.5 28.20
7491 3539 92.3 28.30 7525 3658 114.4 34.35
7495 3540 92.3 28.30 7526 3664 114.3 35.00
7499 5541 92.7 29.25 7529 3667 113.3 34.70
7502 5542 92.4 28.15 7532 3670 113.3 34.55
7506 3543 92.9 28.30 7536 3672 112.3 34.40
7510 5544 92.7 28.25 7540 3675 112.8 34.40
7510 3546 93.8 23.60 7544 3673 112.6 34.30
7513 3547 93.8 23.60 7548 3680 112.5 34.30
7516 5543 94.7 28.85 7552 3682 110.6 33.70
7519 3549 95.0 23.95 7556 5634 109.9 33.50
7523 3550 94.9 28.90 7560 5686 109.8 33.45
7526 3563 94.0 23.65 7564 3687 110.6 33.70
7530 3555 94.3 23.75 7569 5637 110,1 33.55
7532 3553 93.5 23.50 7572 3685 111,1 33.35
7535 3561 93.5 23,50 7576 5687 110.2 53.60
7537 3565 92.8 28.30 7530 3689 108.6 33.10
7539 3568 92.6 28.20 7533 5691 107.1 32.65
7541 3572 91.7 27.95 7537 3694 106.2 32.55




7424 3476 100.1 30.50 7501 3490 120.9 36.85
7427 3473 101.0 30.80 7505 3492 122.0 37.20
7430 3431 100.7 30.70 7510 3494 122.2 37.25
7433 3484 101.1 30.80 7513 3496 121.1 36.90
7435 3437 100.5 30.65 7516 3493 120.9 35.35
7433 3490 99.9 30.45 7513 3493 120,5 36.75
7440 3493 99.3 30.40 7522 3500 120.2 36.65
7443 3496 99.6 30.35 7527 3501 120.0 36.60
7446 3499 99.9 30.45
7450 3502 99.7 30.40 F 641
7453 3505 99.5 30.35
7456 3507 99.4 30.30 7538 3547 91.3 23.00
7459 3509 98.7 30.10 7540 3543 92.0 23.05
7463 3510 93.2 20,05
7467 3511 97.7 29.80 F 642
7471 3512 96.3 29.50
7475 3513 95.9 29.25 7537 3633 92.3 23.15
345
7591 3690 91.9 28.00 7544 3551 97.7 29.30
7595 3693 91.2 27.80 7547 3555 97.3 29.65
7599 3695 91.1 27.75 7550 3558 97.0 29.55
7602 3698 90.7 27.65 7554 3555 97.5 29.70
7606 3700 89.7 27.35 7557 3553 97.1 29.60
7601 3705 89.4 27.25 7561 3550 96,6 29.45
7614 3705 89.6 27.30 7565 3547 05.9 29.25
7617 5708 89.2 27.20 75 5 2 3562 96.0 29.25
7621 3710 88.9 27.10 7554 3566 96.0 29.25
7624 3712 88.2 26.90 7555 3569 95.6 29.15
7625 3714 88.5 26.95 7557 3573 94.0 28.65
7623 3710 87.3 26.60 7559 3577 94.0 28.65
7622 3716 83.4 26.95 7561 3580 95.3 28.60
7628 3712 90.6 27.60 7563 3585 93.2 28.40
7630 3716 89.8 27.35 7565 3587 92.9 28.30
7632 3720 39.1 27.15 7567 3590 93.2 28.40
7634 3723 88.4 26.95 7568 3593 93.7 28.55
7637 3727 83.0 26.80
7641 3730 87.8 26.75 F 646
7644 3733 87.3 26.60
7647 3736 36.8 26.45 7628 3742 101.9 31.05
7650 3739 85.7 26.10 7630 5746 102.2 31.15
7653 3742 82.7 25.20 7632 3749 102,6 31.25
7656 3745 82.0 25.00 7634 5753 102.3 31.20
7659 3749 80.6 24.55 7631 3754 100,6 30.65
7655 3750 77.9 23.75 7627 3755 102.1 31.10
7624 3754 102.1 31.10
F 643
F 647
7535 3522 114.6 34.95
7539 3524 115.2 35.10 7559 3583 90.9 27.70
7543 3526 113.2 36.05 7560 3587 90.7 27.65
7546 3528 118.6 36.15 7561 3591 91.1 27.75
7543 3527 118.5 36.10 7562 3595 91.4 27.85
7550 3530 116.4 35.50 7563 3597 91.4 27.35
F 644 F 648
7625 3724 101.9 31.05 7618 3783 86.1 26.25
7623 3727 101.4 30.91 7622 3786 85.0 25.90
7631 3730 101.8 31.05 7625 3783 82.5 25.15
7655 3733 99.6 30.55 7629 3731 82.0 25.00
7638 3736 97.5 29.70 7632 3773 81.5 24.85
7641 3738 95.3 29.05 7635 3775 01.9 24.95
7644 3741 96.7 29.45 7638 3772 81.3 24.80
7647 3744 97.6 29.75 7641 3769 82.0 25.00
7644 3747 95.0 28.95 7639 3766 82.1 25.00
7643 3748 37.3 29.65 7636 3763 81.9 24.95
7633 3760 81.6 24.85
F 645 7645 3766 81.1 24.70
7648 3762 81.2 24.75
7523 3536 100.6 30.65 7651 3759 79.2 24.15
7527 3537 98.9 50.15 7654 3756 73.5 23.95
7530 3539 98.2 29.95
7533 3541 97.6 29.75 F 649
7537 3543 96,8 29.50
7541 3547 97.0 29.55 7596 3563 115.3 35.15
346
7598 3560 114.4 34.35 7728 3315 33.2 25.35
7599 3566 114.7 34.95 7725 3319 31.6 24.35
7602 3569 113.8 34.70 7731 5918 82.6 25.20
760? 3572 114.6 34.95 7736 3819 61.6 24.85
7608 3574 115.2 35.10
7611 3589 115.5 35.15 F 65$
7615 3593 115.3 35.30
7617 3597 116.2 35.40 7565 3624 93.7 30.10
7612 3581 116.0 35.35 7567 3628 93.2 29.95
7613 3535 115.4 35.15 7569 3632 97.7 29.90
7611 3539 114.7 34.95 7571 3635 97.7 29.80
7609 3593 112.1 34.15 7573 3639 96.4 29.40
7606 3597 111.6 54.00 7575 3642 96,8 29.50
7604 3600 111.3 33.90 7577 3646 96.6 29.45
7601 3603 110.6 33.70 7579 3650 95.7 29.15
7599 5607 110.1 33.55 7580 3654 96.0 29.25
7596 3610 111.0 33.35 75 32 3657 95.6 29.15
7592 3608 111.1 33.35 7534 5660 95.3 29.05
7567 3608 112.2 34.20 7586 3663 95.2 29.00
7570 3611 111.3 33.90 7590 5666 94.5 29.80
7572 3614 110,7 33.75 7593 3668 94.4 28.75
7574 5617 110.1 33.55 7597 3669 93.7 25.55
7576 3620 110.1 33.55 7600 3670 93.1 28.40
75 79 3625 109.4 33.35 7603 3672 91.2 27.30
7502 3626 108.0 33.90
7505 5629 107.3 32.70 F 654
7503 3632 107.0 32.60
7590 3635 104.5 31.35 7660 3772 94.3 29.75
7593 5658 103.6 31.60 7663 3775 93.7 23.55
7595 3642 103.3 31.65 7666 3779 93.0 23.35
7593 3645 102.4 31.20 7662 3732 93.8 28.60
7600 3648 101.0 30.80 7659 3736 94.3 23.75
7602 3651 100.4 30.60 7655 3789 94.3 23,75
7652 3792 94.7 28.85
F 652 7649 3705 95.9 29,20
7669 3792 92.6 23.20
7665 3755 87.2 26.60 7672 3796 92.1 29.05
7668 3753 37.5 26.65 7674 3787 94.5 23.90
7672 3761 37.4 26.65 7677 3790 93.6 23.55
7675 3764 37.5 2b.65 7680 5793 91.2 27.80
7679 3767 37.1 26.55 7673 3794 92.6 23.20
7682 3770 36.9 26.50 7670 3798 91.9 23.00
7635 3773 86.2 26.25 7667 3301 91.9 23.00
7689 3776 35.5 2b.05 7680 3793 92.1 23.05
7692 3730 35.1 25.95 7684 3796 34.5 23,30
7606 3733 35.3 2b.00 7638 3799 94.6 28.95
7699 3736 34.9 25.90 7691 3802 93.9 28.60
7696 3739 35.4 25.40 7695 3805 94.0 28.65
7702 3789 34.1 25.65 7698 3809 97.8 29.80
7705 3793 34*4 25.75 7700 3808 90.3 29,95
7709 3796 85.0 25.90 7695 3312 92.3 23.30
7712 3799 35.7 26.10 7692 3315 03.9 27.10
7716 3802 85.2 25.95 7689 3318 88.9 27.10
7710 3805 34.0 25.60 7701 3312 97.0 29.55
7722 3809 33.2 25.35 7704 3315 95.9 29.25
7725 3312 33.7 25.50 7707 3813 95.3 29.20
347
7704 3322 91.6 27.90 7839 3862 94.2 29.70
7701 3325 39.2 27.20 7343 5361 95.5 28.50
7710 3322 93.9 23.60 7847 3360 92.3 28.15
7716 3325 91.1 27.75 7351 3360 93.1 29.40
7713 3329 90.7 27.65 7855 5359 92.9 28.30
7710 3353 90.1 27.45 7359 5359 93.1 28.40
7720 3323 90.0 27.45 7863 3353 92.3 28.30
7724 3351 89.7 27.35 7367 3359 95.5 28.50
7728 3332 33.0 26.30 7370 3862 94.0 23.65
7732 3334 88.2 26.90 7371 3861 93.0 23.35
7737 3335 88.9 27.10 7372 5360 90.1 27.45
7742 3336 89.7 27.35 7363 3965 92.6 23.20
7746 3337 90.4 27.55 7365 5867 91.4 27.85
7750 3353 89.3 27.20 7863 5370 91.1 27.75
7754 334I 88,2 26.90 7873 3364 93.3 23.60
7753 3344 36.3 26.45 7376 3867 93.2 28.40
7379 3370 92.6 28.20
P 656 7381 3872 91.9 23.00
86.6
7334 3375 90.5 27.60
7733 3830 26.40 7837 5373 38,3 27.05
7742 3330 35.9 26.20 7391 3880 87.8 26.75
7745 3331 84.6 25.30 7895 3832 33.2 26.90
7399 3833 37.8 26.75
F 657 7903 3834 86.9 26.50
7903 3334 88.1 26.35
7557 3632 90.5 27.60 7912 3384 09.7 27.05
7557 3636 89.9 27.40 7916 3833 98.2 26.90
7556 3659 90.5 27.60 7920 5333 38.3 26.90
7556 5643 91.7 27.95 7924 3334 37.7 26.75
7555 3647 92.7 23.25 7928 3835 87.9 26.30
7557 3650 90.7 27.65
7560 3650 91.2 27.30 F 661
7562 3653 90.9 27.70
7565 3656 90.2 27.50 7606 3673 91.0 27.75
7563 3659 89.3 27.20 7609 3675 90.1 27.45
7571 3662 38.1 26.95 7615 3676 89.5 27.30
7573 3665 36.4 26.35 7616 3673 83,6 27.00
7620 3630 38.3 26.90
F 653 7624 3681 39.1 27.15
7628 3633 89.6 27.30
7766 5349 93.5 30.00 7631 3636 89.5 27.30
7770 3352 100.0 30.50 7635 3638 89.6 27.30
7767 3855 99.0 30.20 7639 3690 91.7 27.95
7763 3353 93.2 29.95 7642 3692 92.9 28.30
7759 5360 97.0 29.55 7639 3697 93.7 28.55
7754 3361 97.9 29.35 7642 3694 93.7 28.55
7750 3363 93.8 30.10 7645 3691 92.3 28.15
7746 3862 98.0 29.35 7642 3699 92,0 29.05
7741 3362 98.1 20.90 7645 3702 92.5 28.20
7774 3354 98.4 30.00 7647 3705 92.4 23.15
7650 3703 92.6 23.20
F 660 7652 3711 91.7 27.95
7654 3714 90.9 27.70
7335 3363 94.5 23.30 7656 3717 90.3 27.50
7327 3363 95.5 29.05 7658 3720 39.7 27.35
348
7661 3722 89.6 27.30 7946 3364 71.4 21.75
7664 3724 89.1 27.15 7946 3368 70.6 21.50
7666 3727 87.4 26.65 7946 3373 70.9 21.60
7668 3730 35.0 25.90 7945 3376 71.9 21.90
7670 3734 35.7 26.10 7944 3880 72.1 22.00
7672 3737 87.6 26.70 7943 5834 73.0 22.25
F 662 F 665
7871 5350 76.6 25.35 7613 3654 101.7 31.00
7875 3943 75.3 23.10 7616 3657 105.3 31.50
7879 3345 75.8 23.10 7619 5659 103.5 51.55
7892 3343 76.3 23.25 7622 3662 104.6 31.90
7995 3340 74.8 22.90 7625 3665 105.2 32.05
7887 3323 76.7 23.40 7626 3663 102.8 31.35
7889 3924 77.3 23.55 7627 3660 99.9 30.45
7391 3321 77.3 25.55 7627 3667 106.0 52.50
7393 3918 77.0 23.45 7630 3670 102.9 31.35
7996 3315 77.6 23.65 7632 3672 100.6 30,65
7399 3311 77.6 23.65 7635 3675 98.7 50.10
7802 3807 77.0 23.45
7905 3803 76.0 23.15 F 664
7907 3811 77.0 25.45
7907 5815 77.2 23.55 7334 3327 71.6 21.80
7906 3819 76.7 23.40 7396 3325 71.7 21.85
7906 3323 76.4 23.30 7839 3319 72.0 21.95
7905 3327 76.1 23.20 7391 3315 71.8 21.90
7905 3331 76.6 23.35 7893 3312 72.1 22.00
7905 3835 75.7 23.05 7995 3808 72.0 21.95
7904 5359 71.9 21.90 7398 3305 71.2 21.70
7904 5343 74.4 22.70 7900 3302 71.6 21.80
7904 3347 73.4 22.35 7903 3799 69.7 21.25
7903 3350 75.0 22.35 7908 3799 70.0 21.35
7903 3354 75.0 22.85 7908 3801 73.2 22.30
7903 3358 75.5 23.00 7915 3801 73.4 22.35
7903 3862 74.7 22.75 7918 3302 72.5 22.10
7902 3365 73.3 22.35 7922 3804 71.8 21.90
7902 3369 72.1 22.00 7926 3306 71.0 21.65
7908 3305 76.5 23.30 7930 3303 71.3 21.75
7911 3808 75.6 23.05 7934 3810 71.4 21,75
7914 3312 74.8 22.80 7933 3812 71.6 21.80
7918 3315 74.4 22.70 7941 3315 71.5 21.80
7921 3318 74.0 22.55 7944 3318 71.0 21.65
7924 3322 73.7 22.45 7947 3321 70.9 21.60
7926 3325 73.1 22.30 7949 3325 69.5 21.20
7928 3328 73.1 22.30 7950 3830 69.3 21.50
7930 3932 73.5 22.40 7951 3334 69.0 21,05
7932 3936 73.0 22.25 7952 3333 63.9 21.00
7933 3940 73.2 22.30 7952 3342 66.9 20.40
7935 3843 72.3 22.05 7952 3347 66.4 20.25
7933 3346 73.0 22.25 7952 3351 67.7 20.65
7941 3943 72.9 22.20 7953 3856 68.0 20.75
7944 3352 73.1 22.30 7954 3360 67.5 20.55
7947 3355 72.9 22.20 7954 3365 67.2 20.50
7946 3359 72.3 22.05 7955 3369 67.7 20.65
349
7955 3874 66.2 20.20 7709 5753 85.1 25.95
7956 3379 67.5 20.55 7710 3762 85.0 25.90
7957 3884 68.0 20.75 7710 3766 84.7 25.80
7959 3338 63.7 20.95 7711 5769 94.9 25.90
7711 5773 85.1 25.95
P 665 7711 3777 85.4 26.05
7643 3672 108.2 33.00 P 669
7646 3674 108.4 53.05
7649 3677 108.2 33.00 7692 3747 98.8 50.10
7652 3679 107.5 32.75 7694 3750 99.8 30.40
7653 3678 106.7 32.50 7696 3753 100.7 30.70
7655 3675 104.7 51.90 7698 3756 100.2 30.557658 3672 104.0 31.70 7700 3760 93.4 30.00
7653 3680 106.6 32.50 7702 3763 97.9 29.85
7655 3633 106.4 32.45 7703 3767 97.1 29.60
7658 3635 106.1 32.35 7705 3770 93.5 28.507661 3689 104.9 31.95
7664 5690 105.4 32.15 P 671
7667 3693 105.4 32.15
7670 3695 105.1 32.05 7693 3743 96.8 29.50
7673 3698 104.8 31.95 7698 3745 97.2 29.657676 3700 104.7 31.90 7701 3743 97.4 29.70
7679 3703 105.1 32.05
7682 3705 103.9 31.65 F 672
7685 3703 101.3 30.90
7689 3709 99.7 30.40 8O63 3933 88.8 27.10
7690 3712 101.7 31.00 8066 3936 87.6 26.70
7692 3716 99.6 30.35 8070 3936 87.8 26.75
7695 5720 98.8 30.10 8075 3936 89,3 27.20
7699 3723 98.7 30.10 8079 3937 89.0 27.15
7700 3727 97.6 29.75 8033 3937 89.0 27.15
3080 3940 87.3 26.60
P 667 8077 3943 85.8 26.15
7669
8073 3946 34.5 25.75
3711 93.3 28.45 8070 3949 34.5 25.757670 3714 92.1 28.05 8087 3933 87.3 26.60
7673 3716 92.5 28,20 3091 3939 86.2 26.25
7676 3719 92.5 28,20 8095 3940 86.3 26.30
7678 3722 93.6 28.55 3099 3941 84.5 25.75
7680 3725 94.2 28.70 3103 3942 83.9 25.557681 3726 90.3 27.70 8108 3942 85.1 25.95
7684 3729 90.8 27.70 8112 3943 96.4 26.35
7687 3732 90.7 27.65 8117 3943 85.4 26.05
7639 3735 89.2 27.20
7636 3737 89.7 27.35 P 673
7634 3740 90.3 27.50
7681 3742 91.2 27.80 7723 3764 104.1 31.75
7692 3732 39.6 27.30 7725 3768 102.4 31.20
7685 3730 38.5 26.95 7729 3769 102.3 31.20
7695 3735 83.6 26.95 7733 3770 101.9 31.057697 3738 38.1 26.85 7737 3770 102.1 31.107699 3741 37.1 26.55 7741 5771 100.5 30.65
7702 3744 35.4 26.05 7745 3772 99.6 30.35
7704 3747 85.1 25.95 7749 3774 98.9 30.157706 3751 34.2 25.65
7703 3755 83.3 25.55
350
F,, 674 7790 3796 80.5 24.55
7792 3733 79.4 24.20
9130 5943 97.7 29.30 7794 3790 73.9 24.95
3130 3943 94.5 28.80 7792 3799 91.9 24.95
3135 5944 97.4 29.70 7797 3789 92.0 25.00
3140 3345 96.1 29.30 7801 3739 81,6 24.95
7305 3739 81.3 24.95
F 6,75, 7310 5739 92.2 25.05
7914 3789 82.0 25.00
7741 5766 107.5 52.75 7018 3793 82.2 25.05
7749 5770 108.0 52.90 7822 3736 92.5 25.10
7326 3785 81.6 24.35
7753 3771 100.3 50.70 7851 5785 91.2 24.75
7762 5772 99.1 30.20 7955 3734 90.7 24.60
7766 3771 99.6 30.35 7340 3784 79.8 24.50
7770 3772 99.2 50.25 7344 5783 79.4 24.2-0
7775 3773 97.9 29.95 7349 3733 78.6 23.95
7730 3773 97.5 29.70 7353 3793 78.1 23.80
7735 3773 97.5 29.70 7353 3733 77.2 23.55
7789 3774 96.3 29.35 7362 3734 76.0 23.15





3167 3934 76.0 23.15 8180 3938 73.0 23.75
3163 3950 76.9 23.45 8182 3934 77.5 23.60
3167 3926 76.7 23.40 8173 3934 77.2 23.55
3165 3924 76.1 23.20 3183 3931 77.7 23.70
3160 3924 76.6 23.35 8185 3929 76.6 25.35
8189 3926 76.4 25.30
F 677 8193 3025 75.6 23.05
8196 3923 74.5 22.65
7714 3730 35.5 26.05
7718 3733 95.1 25.95 F 679
7722 3796 34.3 25.95
7726 3734 94.6 25.80 7729 3661 176.4 53.75
7731 3794 84.3 25.35 7752 3664 177.5 54.10
7736 3733 85.4 26.05 7735 5667 173.9 54.55
7741 3733 85.2 25.95 7733 3670 178.2 54.30
7746 3794 35.1 25.95 7741 3672 179.0 54.25
7750 3735 35.3 26.00 7744 3675 173.2 54.30
7751 3796 95.1 25.95 7747 3673 177.9 54.20
7749 3790 65.1 25.95 7750 3681 176.3 53.90
7755 5731 94.4 25.75 7754 3694 176,4 53.75
7755 3777 32.3 25.25 7757 3637 174.3 53.30
7755 3796 35.2 25. ">5 7759 3635 172.0 52.45
7759 3797 M.5 25.75 7762 3689 174.3 53.30
7763 3739 33.7 25.50 7754 5601 172.3 52.50
7767 3739 94.0 25.60 7751 3694 174.1 53.05
7771 5790 93.4 25.49 7749 360,9 172.3 52.65
7775 3790 32.9 25.25 7746 3701 171.6 52.30
7780 3790 92.3 25.25 7743 3704 170.4 51.05
7734 3799 32.3 25.95 7741 3707 170.0 51.80
7733 3799 33.2 25.35 7760 3690 173.1 52.75
7736 3793 79.4 24.20 7764 3605 171.6 52.50
351
7767 3697 170.7 52.05 7789 3321 80.4 24.50
7770 3700 169.7 51.70 7792 3322 79.5 24.25
7773 3702 169.2 51.55 7796 3823 79.5 24.25
7777 3704 168.5 51.35 7800 5824 30.1 24.40
7760 3706 164.0 50.00 7803 5325 80.0 24.40
7764 5707 167.5 51.05 7802 3329 77.2 23.55
7762 3711 164.0 50.00 7800 3833 76.9 23.45
7770 3714 161.0 49.05 7799 5837 80.0 24.40
7777 3717 166,8 50.85 7797 5340 80,0 24.40
7775 3721 167.7 51.10 7796 3344 79.5 24.25
7773 3724 169,2 51.25 7794 3347 78.2 23.35
7771 3728 169.6 51.70 7798 3948 73.3 24.00
7769 3731 170.4 51.95 7362 3849 79.2 24.15
7766 3704 169.0 51.20 7806 3349 79.3 24.15
7789 3700 168.1 51.25 7910 3849 78.7 24.00
7791 3697 171.9 52.40 7315 3349 78.2 23.35
7738 3708 168.4 51.35 7819 3349 77.7 23.70
7792 3710 167.3 51.00 7823 3349 77.2 23.55
7796 3711 165.5 50.45 7825 3346 75.9 23.15
7800 3713 165.7 50.50 7827 3842 76.9 23.45
7804 3715 163,4 49.30 7829 3833 78.7 24.00
7308 3717 162.0 49.40 7830 3334 78.7 24.00
7812 3719 162.4 49.50 7832 3331 78.1 23.80
7315 3721 162.1 49.40 7334 3327 78.4 23.90
7318 5724 160.3 43.85 7836 3832 77.5 23.60
7821 3727 159.6 48.65 7340 3933 77.6 23.65
7324 3730 158.3 48.25 7344 3834 77.6 23.65
7826 3734 159.2 48.50 7848 3354 76.5 23.30
7929 3736 159.7 48.70 7852 3353 76.4 23.30
7953 3738 158.2 43.20 7855 3332 76.5 23.30
7359 3332 75.0 22.35
P 680 7362 5^29 75.9 23.15
7364 5826 75.5 23.00
8192 3915 66.5 20.25 7366 3823 74.8 22.80
8136 3913 65.5 19.95 7869 3820 73.8 22.50
8190 3911 64.4 19.65 7371 3317 73.2 22.30
3195 3910 64.2 19.55 7374 3814 72.9 22.20
7376 3811 73.0 22.25
P 681 7378 3808 75.1 22.50
7880 5305 73.1 22.30
7742 3805 84.0 25.60 7832 3301 73.0 22.25
7745 5806 83.7 25.50 7335 5798 72.6 22.15
7747 5809 83.6 25.50 7887 3794 73.4 22.35
7750 5812 83.3 25.40 7890 3791 73.3 22.35
7753 5815 33.6 25.50 7893 3788 73.3 22.35
7756 5315 82.5 25.15
7760 3915 31.6 24.35 P 682
7764 3815 82.6 25.20
7768 5816 82.1 25.00 3200 3909 66.9 20.40
7772 5816 82,2 25.05 8204 3909 65.0 19.80
7776 5917 32.4 25.10 8208 3910 64.9 19.80
7773 5321 31.5 24.35
7771 3925 77.9 25.75 F 683
7769 3829 79.8 24.30
7779 5818 81.5 24.95 7358 3730 76.8 23.40
7732 3919 01.5 24.35 7362 3731 75.9 23.15
7795 5820 00.9 24.65 7366 3731 75.4 23.00
7070 3782 75.0 22,85 0254 3998 60,9 18.55
7374 3782 75.0 22.85 8258 3397 60,7 13.50
7373 3783 75.0 22.85 8262 3897 60,2 18,35
7332 3783 74.6 22.75 8266 3898 59.9 18.25
8270 3899 59.3 18.05
F 604 8374 3899 59.0 13.00
8273 3999 59.1 18.00
8210 3918 70.9 21,60 8282 3399 59.0 18.00
8209 3922 71.0 21,65 3286 3900 53.4 17.80
8214 3917 71.4 21.75 8290 5901 58.4 17.80
8218 3916 71.5 21,90 8295 3902 58.6 17.95
8222 3915 70.1 21.35 8298 3905 59.1 13.00
0226 3915 60.8 21.30 8297 3909 57.2 17.45
3230 3914 69.3 21.10 8302 3906 58.8 17.90
3234 3914 69.4 21.15 8306 3907 58,3 17.75
3238 3913 68.9 21.00 0311 3908 58.2 17.75
8242 3913 68.7 20.95 8315 3909 57.6 17.55
8319 3910 56.3 17.15
F 635 8322 3911 57.1 17.40
7917 3737 72.7 22.15 F 637
7921 3788 72.4 22.05
7926 3739 72.9 22,20 7981 3823 93.2 28.40
7930 3791 72.1 22.00 7932 3324 92.7 28.25
7934 3792 71.3 21.90 7986 3326 92.2 28.10
7938 3794 72.2 22.00 7989 3823 92.6 28.20
7941 3789 72.0 21.95 7987 5333 88.6 27.00
7940 3792 73.7 22,45 7990 5935 89.0 27.15
7939 3793 71.8 21.90 7993 3937 90.8 27.70
7958 3795 70.2 21.40 7994 3836 92.6 28.20
7942 3707 72.2 22.00 7997 5337 91.0 27.75
7946 3799 72.1 22.00 8000 3840 93,7 27.95
7949 3803 71.7 21.85 8004 3842 89.8 27.55
7951 3306 71.0 21.65 8009 3343 8°.l 27.15
7955 3810 69.7 21.25 8014 3844 95.6 28.55
7956 5813 69.1 21.05 8018 5346 94.9 28.95
7959 3316 69.3 21.10 8022 5349 94.5 28.80
7961 3320 70.1 21.35 3026 3850 92.1 28.05
7962 3325 70.7 21.55 3031 3351 90.8 27.70
7963 3329 70.4 21.45 8036 3352 90.4 27.55
7965 3833 67.7 20,65 8040 3353 90,0 27.45
7964 3337 67.9 20.70 8041 3950 89.0 27.15
8042 3346 90.1 27.45
P 686 8043 3345 91.7 27.95
8038 3358 87.4 26.65
8214 3903 62.4 19.00 8037 3963 87.7 26,75
8213 3907 62.2 18.95 8035 3367 87.0 26.50
8222 3906 62.3 19.00 8034 3372 87.0 26.50
8225 3906 61,2 18.65 3044 3355 39.3 27.20
8228 3905 60.2 18.35 8043 3357 89.6 27.30
8232 3905 60.0 18.30 3052 5853 87.7 26.75
8236 3904 60.4 18.40 8057 3060 95.8 26.15
3240 3902 60.4 18.40 3061 3361 34.7 25.30
3242 3399 60.7 13.50 9065 3063 94.3 25.85
3246 3393 60.5 13.45 3074 3866 34.6 25.80
3250 3898 61.0 13,60 9078 3363 95.5 26.05
3082 3869 85.1 25.95 3349 3905 54.9 16.75
8036 5871 83.4 25.40 8353 3906 54.4 16.60
8085 3878 81.0 24.70 8357 3907 55.9 16.45
8034 3832 82.0 25,00 8361 3907 53.7 16.55
8083 3886 32.9 25.25 8365 3907 52.4 15.95
8092 3890 81.4 24.80 8369 3009 52.9 16.10
8078 3393 79.0 24.10 8373 3908 52.7 16.05
3088 5872 82.9 25.25 8377 5909 52.7 16.05
8093 5375 82.3 25.10
8093 3374 81.5 24.35 P 689
3102 3875 80.8 24.65
8103 3871 30.1 24.40 7970 3837 91,1 27.75
3103 5367 79.5 24,25 7973 3340 89.4 27.25
3104 5365 80.3 24.65 7974 3841 36.9 26.45
8101 3976 32.2 25.05 7977 3344 34.6 25.30
9106 3375 81,3 24.95 7981 3846 84.1 25.65
8110 5875 81.5 24.85 7934 5843 81.9 24.95
8115 3875 31.6 24.85 7939 3350 81.7 24.90
8115 3878 81,3 24.30 7992 3852 30.9 24.65
8114 3382 80.5 24.55 7903 3349 80.8 24.65
8113 3336 79.2 24.15 7994 3347 30.9 24.65
8112 3891 77.4 23.60 7995 3944 32.1 25.00
3111 3895 77.9 23.75 7996 3941 85.5 26.05
8110 3899 77.5 23.55 7994 3353 81.5 24.35
8120 3375 81.7 24.90
3124 3976 81.3 24.30 P 690a
3128 3877 80,9 24.65
8132 3875 79,9 24.35 8275 3930 110.3 33.60
8279 3928 109.7 33.45
P 683 9279 3924 107.7 32.35
3280 3921 107.7 32.85
9252 3393 54.9 16.75 8280 5913 108.7 33.15
9255 5837 54.8 16.70 8284 3923 107.9 32.90
3259 3837 54.9 16.75 8289 3928 106.4 32.45
3263 3337 55.3 16.35 8293 3923 105,2 32.05
8267 3337 55.6 16.95 8297 3928 105.7 31.60
8272 3897 56.0 17.05
8276 3939 55.8 17.00 P 690b
8280 3333 55.7 17.00
3234 3898 55.5 16.90 8322 3919 30.0 27.15
8238 3333 55.2 16.30 8326 3914 37.3 26.60
3293 3989 54.3 16.70 8330 3914 85.5 26.05
8298 5390 55.3 16.35
3301 3392 55.3 16.35 F 691
8305 3392 56.2 17.15
8303 3893 55.8 17.00 7965 3345 77.6 23.65
8312 3894 55.3 16.85 7968 3848 76.2 23.25
8316 3395 55.2 16.30 7971 3952 74.3 22.80
8321 3896 54.7 16.65 7972 5351 74.4 22,70
8326 3-398 55.5 16.95 7973 3350 73.1 22.30
8350 3899 55.4 16.90 7975 3855 73.1 22.30
8354 3900 56.0 17.05 7978 3853 73.0 22.25
8558 3900 56.1 17.10 7932 3360 73.9 22,50
8342 3901 55.5 16.90 7937 3360 74.1 22.60
8345 3903 55.4 16.90 7990 3353 74.1 22.60
354
7990 3358 74.1 22,60 7979 3835 67.9 20.70
7993 3861 72.0 21.95 7980 3330 67.1 20.45
7997 3364 71.5 21.80 7932 3376 69.8 21.50
8090 3363 70.7 21.55 7933 3371 63.9 21.00
8004 3371 70.1 21.35 7985 3867 70.5 21.50
0008 3374 67.8 20.65 7936 3362 69.6 21.20
3011 3873 70.3 21.45 7994 5895 67.6 20.60
8013 3374 70.2 21.40 7939 3894 67.9 20.70
8016 3370 72.2 22.00 7992 3394 66.9 20.40
8019 3866 73.3 22,35 7996 3383 65.3 20.05
f 693 f 698
7970 3356 70.4 21.45 8412 5963 59.5 13.15
7973 3859 70.2 21.40 3415 3965 60.3 13.40
7976 3362 70.3 21.45 3417 3967 61.3 18.70
7979 3865 70.3 21.45 3420 3969 63.5 19.35
7985 3367 70.1 21.35
7993 5877 70.2 21.40 f 6(>9
7987 3379 70.5 21.45
7 °l 3881 70.0 21.35 3030 3917 67.9 20.70
7995 3382 68.1 20.75 3084 3917 67.6 20.60
8000 3332 66.7 20.35 8088 3918 67.5 20.55
8005 3831 66.6 20.30 8092 3919 67.9 20.70
8009 3330 66.7 20,35 8096 3920 63.3 20.80
8100 3921 68.4 20.35
f 694 8105 3923 68.5 20.90
9106 3919 68.4 20.95
3435 3949 47.3 14.40 3107 3915 65.7 20.05
3439 3947 46.2 14.10 8109 3911 66.6 20.30
3442 5944 46.2 14.10 8110 3906 66.6 20.30
3445 3941 46.0 14.00 8109 3922 63.3 20.80
3448 3933 46.5 14.15 8114 3921 63.4 20.35
3451 3936 47.1 14.35 3120 3920 63.1 20.75
9454 3933 46.7 14.25 3124 3920 67.6 20.60
3456 3930 45.2 13.80 8127 3919 66.8 20.35
3460 3926 45.2 13.30 3131 3917 66.3 20.20
9463 3922 45.4 13.35 8135 3915 66.5 20.25
3466 3919 45.1 13.75 8140 3913 66.1 20.15
3470 3916 45.5 13.35 3143 3911 66.0 20.10
3473 3912 45.7 15.95 8146 3910 66.5 20.25
3477 3909 45.2 13.80 8143 3907 65.1 19.85
3151 3905 64.4 19.65
f 695 3154 3902 63.6 19.40
3153 3900 64.3 19.60
7963 3346 72.3 22.05 8160 3398 64.4 19.65
7963 3850 70.8 21.60
7964 3354 70.5 21.50 f 7c>0
7964 3359 70.5 21.50
7964 3865 70.2 21.40 3416 3953 55.0 16.75
7965 3367 69.9 21.30 3419 3960 55.5 16.90
7965 3371 69.7 21.25 3422 3961 56.0 17.05
7966 3876 69.7 21.25 3425 3963 56.2 17.15
7968 3330 69.2 21.10 8428 3964 57.2 17.45
7071 3833 63.9 21.00 9427 3966 57.7 17.60
7975 5334 69.1 21.05 9430 3961 57.3 17.60
3431 3966 57.7 17.60
3435 3967 53.9 17.95 3146 3360 79.0 24.10
3436 3965 57.6 17.55 8150 3359 77.8 23.70
F 701 F 706
8136 3920 62.3 19.00 3492 4024 47.0 14.35
8140 3918 61.9 13.35 8496 4027 47.6 14.50
8144 3916 61.8 13.85 8499 4030 47.9 14.60
3147 3915 62.5 19.05 8503 4033 43.4 14.75
8150 3913 61.0 18.60 8507 4036 47.9 14.60
3153 3911 61.1 13.60 3511 4039 47.7 14.55
3156 3909 60,2 18.35 3516 4040 46.9 14.30
8160 3906 61.0 13.60 8520 4043 46.6 14.20
3163 3904 61.1 18.60 8523 4047 47.8 14.55
3167 3902 60.1 13.30 3524 4046 44.6 13.60
8171 3900 59.1 13.00 3522 4048 47.6 14.50
8175 3897 59.5 18.15 8520 4049 46.3 14.10
3179 3394 58.9 17.95 8519 4051 44.8 13.65
8518 4052 47.8 14.55
F 702 8527 4050 47.9 14.60
3529 4055 43.1 14.65
3424 3977 35.0 25.90 3529 4061 47.1 14.35
3427 3979 85.0 25.90 3535 4074 47.4 14.45
8430 3931 84.0 25.60
3431 3932 33.7 25.50 F 707
8429 3934 84.3 25.35
3427 5936 37.4 26.65 3136 3374 77.7 23.70
3432 3983 85.3 25.40 8133 3371 76.5 23.30
3433 5982 32.3 25.10 8140 3368 74.4 22.70
3434 3985 82.0 25.00 8145 3366 75.9 22.50
3436 3936 81.0 24.70 8146 3365 74.0 22.55
3438 3938 30.9 24.65 3149 3364 73.9 22.50
3440 3990 32.2 25.05 3152 3963 74.1 22.60
3156 3862 74.2 22.60
F 703 8160 3361 75.5 23.00
3164 3960 76.3 23.25
Bill 3397 73.5 23.95 3169 3359 74.7 22.75
3116 3396 77.6 23.65 3173 3853 73.6 22.45
8120 3395 76.1 23.20 8177 3953 73.3 22.35
3125 3395 76.6 23.35 8131 3353 72.1 22.00
3129 3894 75.7 23.05 9135 535B 71.0 21.65
9134 3894 75.9 23.15 3190 3 953 70.7 21.55
8194 3353 70.6 21.50
F 704 3193 3357 71.1 21.65
3202 5357 71.9 21.90
3443 3065 46.0 14.00 8207 3357 72.0 21.95
9447 3968 45.3 13.80 8211 3356 70.9 21.60
3445 3967 43.5 13.25 3216 3356 71.1 21.65
9443 3966 45.7 13.30 8221 3956 72.5 22.10
8446 3371 42.5 12.95 3225 3356 72.6 22.15
8445 3974 44.3 13.50 3230 3359 73.6 22.45
3444 3977 44.4 13.55 8233 3357 71.6 21.30
8443 3980 43.5 13.25 9235 3353 71.9 21.90
3233 3351 71.3 21.00
F 705











































8215 3990 96,0 29.25
44.7 13.60 P 714
44.3 13.65
44.7 13.60 8627 4133 42.8 13.05
44.7 15.60 3629 4136 42.9 13.10
44.6 15.60 3631 4139 42.7 13.00
44.5 13.55 8632 4143 42.5 12.95
44.4 13.55 8633 4147 42.4 12,90
43.3 13.35 3634 4151 42.2 12.85
44.0 15.40 8634 4156 41.7 12.70
45.0 13.70 3635 4160 40.7 12.40
44.4 13.55 86 35 4164 40.3 12.30
44.9 13.70 8636 4163 40.0 12.20
3635 4172 40.9 12.45
3633 4172 39.5 12.05
80.3 24.50 P 718
3620 4215 111.1 33.85
3613 42.4 110,4 33.65
54.3 16.55 3615 4213 110.2 33.60
53.7 16.35 8614 4215 111.0 33.35
52.7 16.05 3616 4211 110.0 33.55
49.3 15.05 8612 4212 110.1 33.55
53.5 16.50 8609 4210 110.3 33.60
53.8 16.40 3605 4209 109.4 33.35
51.5 15.65 8602 4207 108.2 33.00
43.9 14.90 8598 4206 107.8 32.85
3595 42.12 108.4 33.05
F 719
92.2 28.10
92.7 28.25 3242 3349 70,0 21.35
94.3 23.75 8246 3348 69.9 21.30
94.5 28.80 8250 3347 70.3 21.60
8254 3845 69.3 21.10
9258 3345 68.5 20.90
8262 3844 68.6 20.90
40.2 12.25 8266 3M4 68.2 20.80
40.2 12.25 9266 3?48 68.5 20.90
39.3 12.00 3266 3352 69.8 20.95
39.3 12.00 8271 3344 66,8 20.35
39.0 11.90 8275 3944 67.3 20.50
40.4 12.30 1379 3344 67.2 20.50
40.2 12.25 8233 3844 66.3 20.20
42.3 13.05 8293 3'44 67.5 20.55
59.7 12.10 3293 3844 69.9 21.30
40.4 12.50 8290 3947 69,2 21.10
8237 3850 70.0 21.35
3296 3341 69.0 21.05
■93OO 3339 68.7 20.95
">9«5 30.35 9303 3956 6B.4 20.85
96.4 29.40 3306 3334 68.1 20.75

























































































































































































































3536 3343 52.3 16.10 3762 4435 101.2 30.35
8559 3340 52.6 16.05 8760 4439 9%9 30.45
3541 3837 53.4 16.30 3758 4443 07.0 29.55
9534 5356 54.1 16.50 8770 4426 105.5 31.55
3536 5359 54.2 16.50 8772 4430 103.4 31.50
3539 5962 53.3 16.40 3774 4435 104.1 31.75
8542 5365 53.7 16.55 3776 4436 103.2 31.45
3544 5968 53.4 16.30
3547 3371 53.3 16.25 F 727
3550 3374 52.9 16.10
3552 3378 52.0 15.35 8489 3308 68.0 20.75
3555 3331 51.5 15.70 8492 3808 67.3 20.50
8558 3384 51.7 15.75 0497 3803 64.9 19.30
3560 3397 51.7 15.75 9501 3903 65.9 20.10
8565 3^39 52.5 16.00 8506 3&08 65.7 20.05
8565 3392 51.8 15.30
8557 3996 51.6 15.75 F 728
8556 3901 51.3 15.65
3554 3905 51.7 15.75 8315 4493 32.6 9.95
3551 3907 50.1 15.25 8918 4498 32.0 9.75
3543 3909 50.0 15.25 3821 4501 32.0 9.75
8546 3912 51.3 15.65 3923 4505 52.0 9.75
8543 3915 51.5 15.70 8825 4503 52.0 9.75
8827 4511 32.2 9.30
P 722 9329 4514 32.3 9.85
3663
3831 4519 32.0 9.75
4283 33.1 10.10 3832 4521 33.4 10.20
8663 4236 32.9 10.05 8334 4524 34.0 10.55
3671 4291 33.4 10.20 9336 4529 53.7 10.25
3674 4296 52.9 10.05 3838 4531 34.2 10.40
3677 4301 32.5 9.90 8340 4534 34.5 10.50
8842 4553 33.6 10.25
F 723 3837 4535 33.9 10.35
8943 4536 34.8 10.60
8568 3319 75.3 22.95 3946 4559 35.0 IO.65
3572 3817 75.2 22.90 3349 4541 35.2 10.75
3576 3316 76.4 23.30
8580 3314 74.6 22.75 F 729
8571 5314 75.6 23.05
3575 3314 76.3 23.25 8511 3803 63.0 19.20
8510 3007 62.2 18.95
F 726 85 >9 3811 59.1 13.00
3719 4415 97.1 29.60 F 730
8726 4418 101.2 30.35
9731 4420 100.8 30.70 9924 4515 42.5 12.95
8733 4420 97.5 29.70 8825 4519 42.5 12.05
9745 4420 97.4 29.70 9826 4521 41.9 12.75
3752 4421 99.2 30.25 9327 4524 41.7 12.70
9756 4421 102.8 31.35 8828 4927 42.1 12.35
9760 4421 104.0 31.70 8831 4529 42.5 12.90
9764 4422 103.6 31.60 9935 4534 41.9 12.75
9767 4423 103.8 31.65 3839 4540 39.2 11.95
3765 4427 101.9 31.05 8841 4543 33.8 11.35
8765 4431 101.1 30.30 8943 4545 33.1 11.60
359
F 731 3898 4570 85.1 25.95
3396 4575 84.4 25.75
9432 3876 53.1 16.20 8394 4576 83.7 25.50
9434 3874 53.1 16.20 8393 4573 34.4 25.75
8439 3870 53.1 16.20 3900 4574 82.4 25.10
8443 3967 53.2 16.20 8902 4575 81.8 24.95
8449 3964 51.7 15.75 8907 4576 82.9 25.25
8452 3961 52.9 16.10 8909 4573 83.6 25.50
8456 3958 54.3 16.55 8912 4580 82.5 25.15
8455 3B52 52.5 15.95 3912 4579 81.9 24.95
3454 3350 51.0 15.55 3910 4532 82.8 25.25
0453 3849 54.1 16.50 3909 4585 31.4 24.80
8461 3855 52.9 16.10 3907 4533 79.4 24.20
8466 5352 52.5 16.00 8906 4590 79.0 24.10
8472 3350 51.8 15.80 8904 4595 79.5 24.25
3477 3343 51.0 15.55 3914 4582 8I.5 24.35
3916 4534 30.0 24.40
F 734 3918 4587 78.9 24.05
26.1
8921 4539 73.5 23.95
3852 4543 7.95 3923 4592 77.5 23.60
3353 4544 25.1 7.65 8925 4594 75.9 23.15
r;54 4546 25.9 7.90 3923 4592 76.0 23.15
8855 4547 26.2 3.00 8922 4596 74.4 22.70
8920 4598 74.5 22.70
F 755 3917 4599 74.9 22.85
47.6
8915 4601 73.4 22.35
8573 3937 14.50 3913 4603 73.4 22.35
8573 3891 46.5 14.10 3910 4605 72.6 22.15
8572 3894 46.7 14.25 8908 4607 74.5 22.65
8571 5397 46.7 14.25 8926 4597 75.1 22.90
3928 4600 74.2 22.60
F 736
F 739
3857 4552 30.0 9.15
8360 4552 30.0 9.15 8556 3953 64.0 19.50
8863 4554 30.7 9.35 8053 3054 63.4 19.30
8866 4556 30.7 9.35 0543 3955 62.5 19.05
8865 4557 30.2 9.20 3543 3956 61.8 18.35
8864 4553 29.7 9.05 8553 3957 61.7 13.30
3869 4553 30.8 9.40 8533 3958 61.6 13.30
3872 4560 29.4 8.95 3523 3960 61.7 13.30
3534 3955 62.3 19.00
F 733 3556 3951 62.9 19.15
8365 4565
3538 3943 63.0 19.20
90.8 27.05 3539 3943 63.7 19.40
8369 4564 36.9 26.50 3541 3939 63.8 19.45
8869 4555 36.9 26.50 3542 3935 64.5 19.65
3969 4567 36.5 26.35 3543 3931 65.1 19.35
3863 4563 36.9 26.50
3963 4570 88.0 26.80 3546 3923 67.9 20.70
8363 4571 90.6 27.60 8542 3923 66.9 20.40
8372 4565 38.9 27.10 3533 3928 67.6 20.60
8376 4566 37.3 26.60
8379 4567 87.2 26.60 8535 3928 65.1 19.35
8883 4563 87.0 26.50 3531 5929 63.8 19.45
3937 4569 96.4 26.35 3526 3929 61.3 13.70
3990 4570 35.7 26.10 8522 3930 61.1 13.60
3303 4571 35.3 26.00 3520 3935 61.5 13.75



















































63.2 19.25 8487 3970 59.1 18.00
62.5 19.05 3481 3973 53.9 17.95
62.6 19,10
62.6 19.10 ? 74?
61,2 13.65
61.3 18.70 8302 4598 143.4 43.70
8806 4597 145.9 44.45
60.9 13.55 3809 4599 144.3 44.00
59.7 13.20 3313 4599 141.7 43.20
59.7 18.20 8318 4600 141.8 43.20
59.5 18.15 3818 4597 139.4 42.50
3818 4602 140.1 42.70
3817 4603 140.4 42.30
3317 4605 141.2 43.05
120.7 56.80 3321 4603 139.4 42.20
121.1 36.90 3824 4604 136.1 41.50
119.7 36.50 8829 4606 135.0 40.55
120.1 36.60 8833 4607 150.4 39.75
120.2 36.65 8337 4608 127.7 33.90
119.9 36.55 8340 4610 124.6 58,00
120.0 36.60 3342 4611 121.9 37.15
119.9 56.55 8845 4605 121.6 37.05
121.3 36.65 3348 4604 119.6 36.45
120.0 56,60 3851 4606 119.2 36.35
119.4 36.40 8854 4607 119.2 36.35
113.2 36.05
117.0 35.65 P 743
115.7 35.25
114.0 34.75 3495 3985 56.4 17.20
114.0 34.75 3490 3935 56.3 17.30
114.0 34.75 8494 3933 57.1 17.40
111.5 34.00 9494 39^2 57.5 17.55
110.8 33.75
109.0 33.20 P 744
107.1 32.65
106.5 52.45 3367 4596 99.2 30.25
106.4 52.45 9966 4588 100.0 30.50
106.3 32.55 9969 4539 100.1 50.50
107.0 32.60 3372 4590 99.9 30.45
105.8 32.25 3875 4592 100.1 30.50
105.2 32.05 8977 4593 97.1 29.60
103.2 31.45
102.8 31.35 F 745
100.4 30.60
98.3 29.95 9500 3073 54.0 16.45
97.0 29.55 3495 3975 53.3 16.40
3490 3973 53.1 16.20
8436 3992 52.5 16.09
8432 3995 50.3 15.50
59.2 18.05 8479 3937 43.7 14.35
59.6 18.15
59.5 13.15 F 746
59.5 13.15
57.7 17.60 3924 4579 34.7 10.55
57.1 17.40 3927 4579 31.6 9.60
361
3932 4580 29,9 9.10 3480 3998 45.9 14.00
3936 4582 30.6 9.30 3435 4000 45.9 14.00
8941 4585 31.3 9.55 3487 40)2 45.7 13.95
8945 4537 33.2 10.10
3948 4599 55.7 10.25 F 75?
8953 4593 34.4 10.50
8949 4594 33.9 10.35 9012 4778 22.2 6.75
8945 4596 31.7 9.65 9017 4779 22.5 6.80
3040 4597 31.4 9.55 9022 4778 21.9 6.70
8956 4598 35.1 10.70 9029 4773 21.4 6.50
3955 4597 53.3 IO.50 9033 4778 22.2 6.75
8955 4601 34.9 10.65 9034 4731 25.8 7.25
3950 4608 32.2 9.80 9035 4784 26.5 8,00
3946 4610 34.3 10.45 9056 4737 27.6 3.40
8941 4614 31.0 9.45 9058 4778 22.0 6.70
8939 4618 30.0 9.15 9043 4778 22.7 6,90
8923 4583 36.0 10.95 9048 4778 25.0 7.00
3932 4590 35.7 10.90 9052 4780 23.2 7.05
8936 4596 55.6 10.95 9057 4732 23.4 7.15
8933 4604 34.9 10.65 9061 4735 23.3 7.10
8939 4609 34.3 10.45 9059 4738 24.0 7.30
9057 4790 25.5 7.15
F 747 9055 4792 26.6 3.10
3956
9064 4798 24.0 7.55
3473 50.5 15.40 9066 4792 23.7 7.20
9068 4796 23.9 7.30
F 743 9070 4801 24.5 7.45
3952 4536 23.8 8.80 F 755
8956 4590 29.5 8.70
8958 4595 27.8 9.45 3433 3991 52.6 16.05
8953 4600 27.1 8.25 3485 3994 52.9 16.10
3483 3397 50.7 15.45
F 750 3492 4000 51.2 15.60
8913 4654 37.5 11.40 F 754
3912 4658 36.7 11.20
9910 4665 36.1 11.00 9053 4806 60,6 13.45
8908 4667 35.1 10.70 9053 4310 62.1 18.95
9906 4671 33.6 10.25 9055 4314 62.1 18.95
8904 4674 33.9 10.30
8902 4677 33.7 10.25 F 756
8901 4679 36.1 11.00
9077 431-3 20.3 6.55
F 751 9077 4322 21.8 6.65
9077 4327 21.5 6.55
3459 3972 45.8 13.95 9077 4831 20.9 6.35
3459 3977 45.2 13.80 9077 4835 20.9 6.35
3460 3981 45.7 13.95 90?6 4859 21.0 6,40
8462 3986 46.1 14.05 9176 4344 20.5 6.25
3465 3939 45.9 14.00 9375 4343 20.3 6.20
8463 3901 45.0 13.70 9372 4360 21.1 6.45
8468 3992 45.0 13.70 9071 4964 21.4 6.50
3472 3994 44.9 13.70 9370 4863 21.5 6.55
8476 3996 45.6 13.90 9)69 4972 21.4 6.50
9067 4876 21.6 6.60 3559 4091 43.8 13.35
9066 4880 21.0 6.40 3561 4095 45.1 15.15
9065 4834 20.6 6.30 3564 4097 43.2 15.15
9064 4838 20.1 6.15 8567 4099 45.6 15.50
8571 4101 44.5 13.50
p 758 8575 4103 43*8 13.55
8580 4104 43.5 13.25
9073 4842 24.3 7.55 8585 4104 44.3 13.50
9073 4346 25.3 7.70 8589 4104 44.8 15.65
9072 4849 25.2 7.70 9595 4105 45.3 13.80
9071 4853 24.4 7.45 8598 4105 44.4 13.55
9070 4357 24.8 7.55
9068 4859 25.3 7.70 P 764
P 760 9234 4959 27.3 8.30
9238 4961 27.5 8.40
9072 4807 24.1 7.55 9241 4962 26.9 8.20
9072 4811 23.0 7.00 9245 4964 26.6 8.10
9073 4315 22.6 6.90 9249 4966 26.4 3.05
9073 4819 22.6 6.90 9252 4968 26.4 8.05
9073 4823 22.3 6.80 9255 4970 26.3 3.00
9258 4973 24.7 7.55
F 761 9261 4975 23.9 7.30
3556 4082 67.6 20.60 P 766
8560 4082 67.7 20.65
9564 4093 66.7 20.35 9238 4974 42.8 13.05
9568 4094 65.1 19.35
8572 4085 63.2 19.25 P 767
8576 4086 61.7 13.80
8580 4087 61.4 18.70 8643 4133 41.7 12.70
8584 4038 61.0 13.60 3643 4192 41.6 12.70
9643 4196 41.7 12.70
F 762 8643 4200 42.3 12.90
8644 4204 42.0 12.30
9225 4958 27.0 3.25 8645 4203 42.0 12.80
9228 4955 24.7 7.55 8649 4207 42.5 12.95
9231 4953 23.4 7.15 3641 4208 39.7 12.10
9235 4951 20.7 6.30 8636 4209 36.8 11.20
9239 4949 20.4 6.20 8646 4212 41.7 12.73
9242 4947 20.4 6.20 8646 4216 41.5 12.65
9246 4945 20.8 6.35 8647 4220 41.7 12.70
9250 4946 20,8 6.35 8643 4223 42.0 12.80
9254 4943 20.4 6.20 3649 4227 42.4 12.90
9257 4949 22.2 6.75 8650 4231 42.6 15.00
9261 4950 21.4 6.50 3651 4234 42.8 13.95
9265 4953 22.3 6.80 8652 4238 42.8 13.05
9264 4956 22.1 6.75 .8650 4239 41.5 12.65
9265 4960 22.0 6.70 8655 4237 41.4 12.60
9266 4965 21.4 6.50 9653 4237 41.3 12.75
9267 4970 21.1 6.45 3652 4242 40.6 12.35
8653 4246 39.3 12.15
F 763 3654 4250 39.7 12.10
8655 4254 39.6 12.05
3556 4088 44.1 13.45 3657 4258 39.6 12.05
8659 4261 39.4 12.00 8700 4277 82.7 25.20
9660 4264 38.8 11.85 8695 4277 81.9 24.95
9662 4267 33.9 11.85 8691 4279 30.4 24.50
8665 4270 39.2 11.95
8668 4272 39.7 12.10 F 775
9671 4275 39.0 11.90
16.358674 4277 40.5 12.35 8707 4288 53.7
3702 4288 55.7 17.00
P 768 8702 4285 57.3 17.45
8637 4237 54.3 16,70
9238 4981 70.1 21.35 3693 4288 54.7 16.65
9240 4934 75.5 22.40 8691 4290 54.6 16,65
9242 4938 72.0 21.95
9244 4992 70.2 21.40 P 775
P 769 3713 4297 56.0 10.95
8708 4296 35.5 10.80
8679 4263 123.0 37.50 3703 4296 56.2 11.05
8682 4265 121.0 36.90 3700 4293 57.2 11.35
8685 4267 121.9 37.15 3698 4296 33,2 11.65
8689 4268 119.9 36.55
3693 4268 116.8 35.60 F 776
3673 4250 115.1 35.10 9330 5057 23.6 7.20
3675 4253 115.6 35.25 9331 5060 22.1 6.75
8678 4255 117.8 55.90 9352 5065 21.3 6.65
3682 4257 117.9 55.95 9332 5070 22.5 6.85
3680 4261 119.6 36.45 9351 5075 22.6 6.90
"'694 4254 119.0 36.25 9330 5075 21.9 6.70
8685 4251 123.0 37.50 9329 5075 21.0 6.40
8696 4259 117.2 35.70 9528 5075 21.7 6.60
8689 4261 115.2 35.10 9333 5075 22.2 6.75
8693 4262 113.2 34.50 9334 5075 20.8 6.35
8697 4263 112.2 34.20 9336 5075 16.0 4.90
8702 4263 110.7 33.75 9531 5079 22.5 6.35
8706 4264 111.3 33.00 9531 5084 21.9 6.70
9711 4265 111.2 33.90 9531 5089 21.7 6.60
9330 5094 21.1 6.45
F 770 9330 5099 22.7 6.90
9220 4980 86.5 26.35 P 777
9222 4984 35.9 26.20
9225 4987 86.5 26.55 8725 4304 37.3 11.50
9227 4990 86.0 26.20 8720 4304 40.2 12.25
3715 4303 40.5 12.35
P 771 8710 4303 41.3 12.60
8705 4302 42.6 13.00
9724 4286 86.6 26.40 8705 4306 42.4 12.90
3720 4234 87.4 26.65
8716 4292 37.7 26.75 F 77.e»j
8712 4280 37.9 26.30
9708 4279 86.9 26.50 9334 5057 15.0 4.55
8709 4277 84.8 25.35
8710 4274 84.1 25.65 F 779
8711 4272 37.3 26.60













































99.2 30.25 8729 4343 32.2 25.05
100.2 30.55 8726 4349 76.4 23.30
100.1 30.50 8723 4552 74.6 22.75
98.9 30.15 3731 4554 75.3 23.10
99.5 50.35
99.9 30.45 P 736
96.7 29.45
96.6 29.45 9327 5107 19.6 5.95
95.9 29.25 9327 5108 13.8 5.75
96.7 29.45 9325 5112 19.2 5.85
9323 5116 18.0 5.75
9321 5120 19.2 5.85
9319 5125 20.0 6.10
16.8 5.10
16.1 4.90 P 787
15.3 4.65
15.1 4.60 3706 4537 35.9 10.35
15.2 4.65 8708 4341 54.0 10.35
15.2 4.65 3710 4345 32.4 9.90
14.9 4.55
P 789
8712 4336 42.9 13.10
99.2 50.25 8709 4339 41.3 12.60
97.1 29.60 8708 4344 40.2 12.25
98.3 29.95 3725 4357 40.6 12.35
99.3 30.25 8747 4370 43.1 13.15
100.5 50.65
100.7 30.70 F 799
99.6 50.35
100.7 30.70 9302 5127 47.3 14.40
100.9 30.70 9300 5130 47.3 14.40
102.5 31.25 9299 5133 46.7 14.25
99.3 30.25 9298 5156 42.9 13.10
100.2 30.55 9298 5140 45.6 13.90
P 79J
04.7 28.85 8713 4348 38.7 11.80
94.9 28.95 8714 4353 57.9 11.55
94.2 23.70 3716 4357 38.2 11.65
95.8 28.60 3721 4361 53.2 U.65
93.2 23.40 3723 4359 39.2 11.95
92.4 23.15 3725 4357 40.6 12.35
91.6 27.90 3727 4356 42.6 13.00
87.8 26.75 3726 4364 38.4 11.70
86.2 26.25 3730 4367 39.1 11.60
84.5 25.75 3735 4369 39.1 11.90
33.4 25.40 3738 4370 39.0 11.90
8742 4371 39.2 11.95
8747 4572 39.3 11.65
78.3 23.85 F 79?
79.5 24.25




















































29.2 8.90 9023 5067 152.7 46.55
28.0 3.55 9026 5070 152.8 46.55
27.8 3.45 9029 5073 152.9 46.60
26.5 8.10 9032 5076 155.2 46.70
27.0 3.25 9035 5030 153.9 46.90
9039 5035 154.2 47.00
9042 5036 155.3 47.50
9045 5039 156.8 47.80
94.0L 28.95 9043 5093 157.4 48,00
97.1k 29.60 9051 5096 157.0 47.95
96.1L 29.30 9053 5098 156.3 47.65
96.2k 29.30 9057 5099 155.9 47.50
96. 2L 29.30 9061 5099 154.3 47.05
94. 21 28.70 9066 5100 152.3 46,40
93.71. 28.55 9070 5101 151.4 46.15
95.3L 29.20 9074 5102 151.0 46,00
95.4k 29.10 9079 5103 150.9 46.00
94.9k 28.95
92.4k 28.15 P 798a
92.5k 23.20
92.1k 28.05 8369 4536 80.6k 24.55
92.5k 28.15 8972 4539 79.9k 24.35
91.1k 27.75 8377 4541 79.5k 24.25
90, 4k 27.25 3878 4539 78.3k 23.85
90.1k 27.45
93.1k 28.40 F 798b
91.5k 27.90
8379 4542 62.9k 19.15
8894 4543 62.2k 13.95
152.8 46.55 P 796
151.4 46.15
151.6 46.20 9234 5185 130.6 39.80
151.4 46.15 9236 5188 131.8 40.15
151.5 46.20 9240 5130 130.6 39,90
150.7 45.95 9245 5192 150.5 39.80
150.2 45.90 9243 5197 132.2 40.30
150.2 45.80 9242 5201 129.6 39.50
150.9 46.00 9241 5205 130.9 39.90
150.3 45.80 9241 5210 131.5 40.10
151.0 46.00 9240 5215 131.6 40.10
150.5 45.35 9240 5219 133.2 40.60
150.9 46.00 9260 5200 130.8 39.35
150.3 45.90 9265 5202 132.4 40.35
150.3 45.95 9267 5205 134.1 40.35
150.4 45.95 9267 5210 134.2 40.90
149.9 45.70 9268 5240 130.8 39.35
149.4 45.55 9267 5245 133.3 40.65
149.4 48.88 9271 5247 131.9 40.20
149.3 45.50 9276 5243 130.6 39.30
149.4 45.55 9281 5249 129.2 39.40
149.4 45.55 9285 5250 123.5 39.15
140.0 45.70 O290 5250 127.3 33.95
150.6 45.90 92'M 5251 125.9 33.35




























































































9490 5255 97.9 29.35
9495 5254 97.8 29.80
9505 5249 95.2 29.00
9508 5248 93.6 23,55
9513 5247 93.5 23.30
9518 5247 93.6 28.55
9522 5248 92.6 23.20
8871 4541 36. 4L 11.10
8375 4545 34.46 10.50
8880 4547 34.06 10.35
3985 4549 34. 3L 10.60
3885 4547 35.36 10.75
8336 4546 38.6L 11.75
8891 4530 35.61. 10.85
3893 4550 35.76 10.90
8398 4551 35.16 10.70
8903 4552 35.86 10.90
8908 4554 36.06 10.95
8913 4555 35.56 10.80
8918 4557 34.6L 10.55
3923 4553 34.26 10.40
8929 4559 32.26 9.80
F 801
8394 4537 63.76 19.40
3993 4539 64.96 19.80
8903 4541 65.36 19.90
3905 4537 64.46 19.65
8907 4533 62.96 19.15
8911 4529 62.76 19.10
8315 4525 63.96 19.20
3901 4544 65.56 19.95-
9993 4546 66. 96 20.35
8913 4547 65.86 20.05
8918 4548 65.96 20.10
8923 4550 66,46 20.25
8928 4551 62.16 18.95
F 802
9454 5234 54.1 16.50
9458 5234 50..1 15.35
9462 5234 48.1 14.68
9466 5234 45.6 13.90
9470 5234 42.0 12.80
9472 5?33 41.9 12.75
9475 5233 39.9 12.15
9473 5233 38.9 11,85
9433 5233 37.2 11.35
9436 5232 32.5 11.45
367
9490 5232 37.1 11.30 9540 5219 15.1 4.60
9493 5232 37.9 11.55 9545 5218 14.8 4.50
9496 5233 37.4 11,40 9550 5217 13.9 4.25
9499 5235 37.3 11.35 9554 5215 13.3 4.05
9503 5237 37.3 11.35 9553 5214 13.4 4.10
9563 5214 13.5 4.10
P 803 9565 5217 13.7 4.20
9564 5212 14.2 4.35
0836 4541 57.46 17.50 9563 5207 15.7 4.80
8939 4543 55.2L 16.80 9562 5202 14.2 4.35
8941 4546 53.76 16.35 9562 5200 12.7 3.85
8943 4548 53.36 16.25 9568 5212 13.4 4.10
9573 5210 13.3 4.05
P 804 9578 5209 13.1 4.00
9583 5208 12.7 3.85
9444 5228 15.4 4.70 9588 5209 12.9 3.95
9448 5228 15.6 4.75 9589 5210 13.5 4.10
9452 5228 15.5 4.70 9594 5213 13.8 4.20
9456 5228 15.8 4.30 9597 5216 15.5 4.70
9459 5227 15.3 4.65 9600 5219 17.0 5.20
9463 5227 15.7 4.30 9603 5215 16.0 4.90
9467 5227 15.7 4.80 9607 5212 16.2 4.95
9471 5227 15.6 4.75 9610 5200 16.1 4.90
7434 5224 15.5 4.70 9613 5205 14.8 4.50
9433 5223 16.4 5.00 9618 5202 12.2 3.70
9443 5222 15.0 4.55 9617 5200 13.3 4.20
9622 5198 13.5 4.10
F 805 9625 5195 12.8 3.90
9623 5192 13.3 4.05
8947 4554 44.46 13.55 9634 5190 13.6 4.15
3943 4557 43.76 13.30 9639 5138 13.7 4.20
8949 4559 43.26 13.15 9644 5187 13.5 4.10
9649 5135 12.6 3.85
F 806 9654 5184 12.1 3.70
9656 5189 12.2 3.70
9475 5224 15.9 4.83 9658 5195 8.6 2.60
9480 5223 17.7 5.40 9653 5130 12.1 3.70
9485 5223 17.7 5.40 9651 5176 8.5 2.60
9489 5221 17.7 5.40 9659 5133 11.7 3.55
9493 5220 18.2 5.55 9664 5183 11.1 3.40
9493 5225 18.1 5.50 9669 5183 10.0 3.05
9493 5216 13.8 4.20 9674 5183 9.9 3.00
9492 5212 14.4 4.40 9670 5183 11.6 3.55
9403 5220 17.8 5.45 9684 5183 12.1 3.70
9502 5223 17.0 5.20 9688 5182 11.6 3.55
9506 5225 16.6 5.05 9693 5132 11.3 3.45
9511 5224 16.4 5.00 9698 5131 10.6 3.25
9516 5223 16.2 4.95 9702 5131 9.4 2.85
9521 5222 16.0 4.90 9706 5130 9.3 2.35
9525 5222 16.5 5.05
9530 5221 15.9 4.85 P 807
9535 5223 15.1 4.60
9535 5219 16.2 4.05 8930 4552 57.16 17.40
9534 5215 16.4 5.00 8932 4552 55.96 17.05
9533 5210 16.8 5.10 3935 4553 52.96 16.10
9532 5206 12.7 3.35 3939 4553 52.46 15.95
9535 5220 15.3 4.65
368
P 808 8957 4664 107.9 32.90
8958 4668 108.4 33.05
9472 5222 14.8 4.50 8960 4673 107.8 32.35
9475 5221 14.8 4.50 8962 4670 108.1 32.95
9478 5220 14.4 4.40 8964 4667 107.9 32.85
9482 5218 14.9 4.55 8966 4664 107.5 32.70
9486 5217 14.6 4.45 8968 4661 106.5 32.45
9489 5216 14.1 4.30 8970 4658 106.4 32.45
9495 5215 13.8 4.20 8972 4655 107.3 32.70
8974 4652 108.8 33.15
*3 03O vO 3976 4650 114.2 34.80
8935 4671 42.0 12.80 F 814
8932 4674 40.9 12.45
8931 4678 40.5 12.30 9553 5242 59.2 18.05
8930 4682 41.0 12.50 9554 5238 56.7 17.30
9556 5236 54.7 16.65
P 810 9560 5235 55.6 16.95
9564 5234 56.8 17.30
9544 5249 71.2 21.70 9567 5231 57.8 17.60
9544 5248 69.5 21.20 9571 5223 58.0 17.70
9576 5225 56.7 17.30
F 811 9580 5223 55.6 16.95
4634
9534 5221 54.5 16.60
8941 25.4 7.75 9588 5219 57.4 17.50
8938 4636 24.9 7.60 9586 5216 56.5 17.20
8935 4633 25.1 7.65
8938 4642 27.6 3.40 F 815
8937 4645 27.5 8.35
8935 4649 27.9 8.50 3957 4685 77.2 23.55
8932 4655 28.0 8.55 3965 4690 76.3 23.25
8930 4656 28.7 8.75 3063 4693 75.9 23.15
8929 4660 29.3 3.95 8971 4696 76.7 23.35
8940 4645 32.2 9.90 8974 4698 75.4 22.95
8938 4648 31.9 9.70 8977 4701 74.7 22.75
8936 4651 32.1 9.75 8979 4704 73.0 22.25
0934 4655 52.3 9.85 3980 4702 72.8 22.20
8933 4653 32.7 9.95 3981 4701 74.2 22.60
8981 4700 75.5 23.00
F 813 3982 4700 76.9 23.45
8978 4705 72.7 22.15
8986 4613 102.9 31.35 3977 4706 72.1 22.00
8983 4615 104.7 31.90 3976 4707 70.9 21.60
8980 4617 105.5 32.15 8975 4708 68.9 21.00
8977 4620 104.8 31.95 8982 4706 70.2 21.40
3974 4624 103.6 31.60 8985 4708 69.5 21.20
8971 4627 103.2 31.45 8983 4711 66.7 20.30
8968 4629 102.6 31.30 8991 4714 64.3 19.75
8965 4633 102.4 31.20 3994 4716 62.5 19.05
8962 4637 101.8 31.05 8997 4718 57.9 17.65
3960 4640 102.0 31.10 8998 4721 57.2 17.45
8960 4645 100.4 30.60 9001 4728 50.8 15.50
8958 4649 100.3 30.60 9005 4729 49.6 15.10
8956 4653 101.5 30.95 9008 4730 43.6 14.80
3955 4656 101.9 31.05 9012 4732 47.0 14.35
8956 4659 107.2 32.65 9015 4734 45.2 13.80
369
9*919 4736 43.5 13.25 9641 5236 50.2 15.30
9023 4733 42.6 13.00 9645 5237 50.3 15.55
9026 4742 42.3 13.05 9647 5237 48.9 14.90
9027 4740 41.7 12.70 9648 5259 43.6 14.80
9030 4742 40.0 12.20 9652 5238 49.7 14.95
9656 5233 49.0 14.95
F 916 9660 5239 43.0 14.65
9664 5259 46.6 14.20
9577 5260 13.1 5.50 9668 5239 47.3 14.40
9581 5259 17.1 5.20 9672 5240 47.5 14.50
9584 5255 16.7 5.10 9678 5240 46.3 14.10
9589 5253 16.3 4.95 9678 5242 51.0 15.55
9592 5250 15.8 4.80 9678 5236 46.6 14.20
9505 5248 15.1 4.60 9673 5232 49.0 14.95
9599 5245 14.7 4.50 9679 5223 46.9 14.30
9602 5242 13.9 4.20 9679 5224 42.5 12.90
9606 5239 13.2 4.00 9679 5220 46.1 14.059610 5233 13.5 4.10 9680 5217 45.2 13.15
9614 5236 13.4 4.10 9680 5214 42.6 13.00
9619 5235 13.1 4.00 9692 5241 47.2 14.40
9623 5234 13.0 3.95 9636 5241 46.0 14.00
9624 5229 12.6 3.95 9690 r,242 44.6 13.60
9625 5225 10.2 3.10 9694 5242 43.9 13.35
9627 5221 9.3 2.95 9698 5241 42.9 13.10
0629 5219 8.2 2.50
9631 5214 3.7 2.65 F 819
9635 5212 7.8 2.40
9639 5210 7.4 2.25 8921 4710 46.4 14.15
9643 5209 3.5 2.60 8923 4713 47.2 14.35
9648 5203 7.3 2.40 8922 4716 46.8 14.25
9652 5203 7.7 2.35 8920 4713 45.9 14.00
5207 6.5 2.00 8925 4710 46.7 14.20
9661 5206 6,1 1.35 8928 4708 46.4 14.15
9665 5205 5.4 1.65 9926 4715 46.4 14.10
9669 5204 5.7 1.75 8929 4717 46.2 14.10
9673 5204 5.9 1.75 3931 4719 45.9 14.00
9679 5203 5.1 1.55 3933 4720 45.9 14.00
9682 5202 4.1 1.25 8934 4721 45.6 13.90
9937 4723 44.7 13.60
F 817 8940 4725 45.1 13.75
3943 4723 45.9 14.00
0935 4675 47.5 14.50 9946 4730 44.1 13.45
9035 4679 46.3 14.10 9940 4733 47.1 14.55
3934 4683 43.3 14.70 8951 4735 46.2 14.05
9935 4697 49.1 14.95 3955 4737 45.1 13.75
8935 4691 50.2 15.30 9944 4753 45.6 15.90
9937 4695 49.0 14.90 9941 4741 41.3 12.60
8939 4699 46.7 14.20 3965 4739 45.5 13.85
9941 4701 44.9 13.65 8969 4739 42.5 12.95
8943 4705 45.3 13.90 9972 4740 40.6 12.35
8044 4707 45.6 13.90
9945 4711 46.6 14.20 8967 4743 46.1 14.05
8947 4714 45.0 13.70 9969 4744 45.4 13.35
9972 4742 45.6 13.90
F 813 9975 4741 41.3 12.60
9978 4743 42.6 13.00
9637 5235 52.1 15.90 go 2 4742 42.5 12.95
8986 4742 41.1 12.55 9006 4765 30.8 9.40
9988 4738 39.2 11.95 0010 4765 50.0 9.15
8998 4742 38.8 11.80 9015 4765 23.8 3.75
8991 4742 39.5 12.05 9020 4764 23.0 9.55
8995 4743 41.1 12.55 9021 4760 29.5 3.90
8999 4744 41.5 12.65 9022 4758 32.5 9.90
9002 4746 42.5 12.90 9031 4757 23.5 8,70
9006 4747 42.4 12.90 9055 4753 23.6 3.70
9009 4748 41.0 12.50 9039 4759 28.5 8.70
9013 4749 40.2 12.25 9043 4760 29.1 8.85
9017 4751 39.9 12.15 9026 4763 29.1 8.55
9030 4763 28.7 9.75
P 820 9034 4762 23.7 8.75
9038 4761 23.3 9.75
9620 5264 94.4 28.75
9615 5266 93.4 28.45 P 822
9610 5268 93.8 28.60
9605 5270 96.4 29.40 9637 5217 16.9 5.15
9601 5273 98.7 50.10 9642 5216 15.6 4.75
9626 5265 91.1 27.75 9647 5215 15.1 4.60
9631 5266 89.4 27.25 9652 5214 15.5 4.70
9636 5267 88.1 26.85 9657 5214 14.4 4.40
9641 5269 37.0 26.50 9661 5213 13.1 4.00
P 321 M00Cn
8913 4730 25.3 7.70 8968 4755 32.1 9.80
3014 4734 26.2 8.00 8973 4755 31.6 9.65
8917 4757 26.1 7.95 8977 4756 31.3 9.55
3920 4739 26.3 8.00 8981 4757 30.8 9.40
3923 4742 26.1 7.95 8035 4756 30.7 9.35
8927 4745 26.6 8.10 8989 4756 31.2 9.50
8929 4748 27.5 8.40
8933 4750 27.7 8.45 P 324a
■1037 4752 27.8 8.50
8940 4754 28.0 8.50 9678 5209 29.5 9.00
8944 4756 27.7 8.45 9683 5208 28.2 8.60
8948 4753 27.5 8.40 9683 5207 25.2 7.70
8952 4759 23.8 8.75 9692 5207 21.4 6.50
9956 4761 30.5 9.30 9697 5206 17.3 5.45
8960 4763 30.2 9.20 9701 5205 16.2 4.95
3962 4763 30.2 9.20 9706 5204 14.5 4.40
3967 4764 30.8 9.20 9706 5202 15.5 4.70
8971 4764 50.6 9.30 9710 5205 14.1 4.30
3976 4764 30.7 9.35 9710 5203 14.2 4.35
8979 4765 50.5 9.20 9715 5206 13.9 4.25
3934 4765 30.1 9.20 9715 5204 13.2 4.00
3937 4765 31.1 9.50 9720 5206 12.6 3.35
3989 4765 31.6 9.65 9720 5202 13.4 4.10
8991 4755 31.6 9.60 9721 5193 13.0 3.95
8991 4759 29.8 9.10 9724 5208 12.0 3.65
8991 4763 31.0 9.45 9729 5209 11.4 3.45
9994 4763 31.8 9.40 9732 5212 10.8 3.30
3998 4764 31.5 9.60 9736 5215 10.0 3.05
9002 4764 32.4 9.90
371
P 824b 9765 5275 11.0 3.35
9764 5276 10.9 3.30
9721 5208 19.1 5.80
9725 5210 18.7 5.70 P 829
9729 5213 17.9 5.45
9080 4380 28.8 8.75
P 825 9079 4835 26.6 8.10
4698
9079 4890 26.1 7.95
9005 105.4 32.10 9079 4895 25.6 7.30
9084 4699 106.3 32.40 9079 4900 25.0 7.60
9007 4701 106.5 52.45 9079 4905 24.6 7.50
0010 4703 106.9 32.55 9077 4907 24.0 7.30
9015 4705 106.0 32.30 9092 4904 26.4 8.05
9014 4704 106,8 52.55 9087 4901 29.2 8.60
9015 4703 107.3 32.70 9091 4909 29.2 8.90
0016 4701 109.0 32.20 9080 4910 24.5 7.45
0017 4700 111.3 33.90 9082 4914 24.5 7.45
9012 4706 105.3 32.10 9083 4919 24.5 7.45
0011 4707 105.9 32.25 9085 4923 26.0 7.95
9011 4708 106.1 32.35 9085 4926 25.1 7.65
9010 4709 106.2 32.40 9086 4925 24.5 7.45
9009 4710 105.4 32.15 9089 4923 26.7 8.15
9016 4707 105.1 32.05 9091 4920 26.8 8.15
9020 4708 103.3 31.50 9094 4918 26.7 8.15
9025 4710 102.1 31.15 9097 4915 27.6 8.40
9026 4712 102.6 31.25 9102 4912 29.5 9.00
9087 4926 26.6 8.10
P 826 9088 4929 27.0 3.20
9091 4032 27.0 8.25
9759 5217 9.3 2.85 9093 4935 27.3 8.30
9741 5221 9.5 2.90 9096 4933 27.6 3.40
9742 5225 9.2 2,80 9097 4933 28.2 8.60
9744 5229 9.2 2.80 9096 4040 28.1 8.55
9747 5225 9.5 2.90 9099 4037 27.0 8.25
9751 5223 10.9 3.30 9102 4934 26.0 7.90
9754 5220 10.4 3.15 9105 4^30 25.8 7.35
9757 5217 10.6 5.25 9108 4927 25.6 7.80
9746 5235 9.2 2.80 9112 4923 24.7 7.55
9743 5236 9.6 2.95 9100 4941 27.4 3.35
9740 5240 8.3 2.70 9104 4943 27.7 8.45
9751 5244 7.5 2.30 9107 4046 27.8 8.50
9752 5248 7.3 2.40 9111 4949 28.1 8.55
9753 5251 3.9 2.70 9114 4950 27.8 3.45
9757 5250 8.2 2.50 9118 4952 27.6 8.40
9762 5249 9.0 2.75 9122 4954 27.8 3.45
9766 5247 10.9 3.30 9126 4956 27.5 8.40
9770 5246 10.2 3.10 9130 4953 27.1 3.25
9755 5255 8.3 2.55 9134 4959 26.5 8.05
0757 5259 3.3 2.55 9138 4960 26.8 3.15
9759 5263 8.8 2.70 9142 4960 26.8 8.15
9762 5266 9.2 2.80 9146 4960 27.0 8.20
9763 5270 9.4 2.85 9150 4960 25.4 7.75
9153 4959 24.1 7.35
F 82-3 9157 4953 23.3 7.25
9765
9160 4958 24.3 7.40
5274 11.9 3.65 9164 4953 25.1 7.65
9167 4957 25.2 7.65 9196 4932 34.3 10.45
9171 4957 25.0 7.60 9199 4930 33.7 10.25
9175 4956 24.5 7.45 9202 4928 32.5 9.90
9179 4954 24.8 7.55
9133 4952 24.2 7.35 P 833a
9187 4950 22.6 6.85
9139 4947 22.9 6.95 9275 4983 20.0 6.10
9192 4945 23.4 7.13 9275 4987 19.8 6.05
9185 4944 24.6 7.50 9278 4396 26.2 7.95
9190 4942 25.0 7.60 9277 4996 22.7 6.90
9201 4940 25.4 7.75 9277 4996 20.4 6.20
9204 4938 26.6 8.10 9276 4996 18.6 5.60
9275 4996 13.2 5.55
9082 4834 28.9 8.80 9274 4999 17.5 5.30
9085 4888 29*7 9.05 9273 5004 19.1 5.80
9087 4891 29.6 9.00 9273 5008 19,6 5.95
9089 4895 29.2 8,90 9274 5012 19.9 6,05
9091 4399 28.5 8.70 9275 5016 19.9 6.05
9094 4903 27.8 8.45 9277 5019 20.0 6.10
9097 4907 27.6 8.40 9278 5024 19.2 5.85
9100 4910 26.7 8.15 9280 5029 21,0 6,40
9101 4911 29.2 8.90 9278 5028 21.5 6.55
9104 4914 23.3 8.60 9277 5029 21,5 6.55
9107 4913 25.7 7.85 9281 5027 20.4 6.20
9110 4921 25.0 7.60 9283 5026 19.3 5.90
9285 5025 19.5 5.95
* CD O 9282 5031 21.5 6.55
9234 5035 22.2 6.75
9758 5278 13.0 3.95 9286 503s 22,3 6.80
9288 5042 22.2 6.75
P 831 9291 5045 21.9 6.70
3294 5047 21.9 6.65
9111 4912 44 • 1 13.45 9297 5046 19.9 6.05
9113 4915 42.9 15.10 9300 5045 17.5 5.30
9115 4918 43.8 15.35 9302 5044 19.3 6,05
9113 4921 46.5 14.15
9120 4923 43.1 14.65 F 833b
9124 4926 43.8 14.35
9123 4927 46.8 14.25 9303 5042 20.0 6.10
9126 4925 46.1 14.05 9305 5040 20.9 6.55
9128 4823 42.5 12,95 9306 5038 22.1 6.70
9130 4C,21 43.0 13.10 9307 5036 23.2 7.05
9128 4929 47.5 14.45 9509 5034 22.6 6.90
9130 4332 45.2 13.75 3310 5032 22.8 6.95
9134 4934 45.8 15.35 9311 5031 25.9 7.30
9137 4937 42.0 12.80 9313 5029 26,6 8.10
9140 4939 41«1 12,50 9308 5029 23.3 7.10
9144 4941 39.4 12.00 9304 5029 23.0 7.00
9148 4843 40.6 12.35 9298 5029 25.7 7.85
9152 4945 41.5 12.65 9293 5029 29.0 8.35
9156 4347 41.6 12.70
9160 4946 40.0 12.20 F 836
9167 4945 54.9 10.65
9173 4Q43 32.7 9.95 9840 5327 25.7 7.85
9179 4940 34.2 10.40 9841 5328 26.1 7.95
9136 4938 35.7 10,90 9843 5329 25.8 7.85
9139 4937 36.5 11.05 9844 5330 24.1 7.35















































9338 5164 I8.3 5.55
9340 5164 17.3 5.25
115.1 35.10 9342 5163 16.9 5.15
116.3 35.45 9344 5163 20.8 6.55
117.2 35.70 9334 5169 18.4 5.60
115.6 35.25 9336 5173 18.9 5.75
116.3 35.45 9333 5176 19.3 5.85
116.5 35.50 9341 5179 18.0 5.45
116.1 35.40 9344 5183 19.4 5.90
114.7 34.95 9347 5184 19.5 5.95
114.1 34.80 9351 5188 18.8 5.75
114.5 34.90 9355 5190 18.4 5.60
116.6 35.55 9359 5192 I8.5 5.65
116.0 35.35 9362 5194 17.6 5.35
F 843
13.1 3.95 9337 5133 18.5 5.60
14.8 4.50 9336 5138 16.5 4.95
14.8 4.50 9529 5157 16.7 5.05
9329 5161 16.6 5.05
9329 5166 16.3 4.95
9351 5169 16.6 5.05
95.7 29.15 9333 5173 17.1 5.20
97.5 29.70 9335 5176 17.5 5.50
96.9 29.55 9537 5179 16.2 4.90
96.0 29.25 9342 5134 16.1 4.90
95.1 29.00 9343 5186 16.3 4.95
92.1 28.05 9343 5138 15.5 4.75
88.9 27.10 9552 5191 15.1 4.60
9356 5194 15.2 4.65
94.0 28.65 9360 5196 14.5 4.35
90.1 27.45 9364 5197 14.8 4.50
88.6 27.00 9368 5199 15.3 4.65
9372 5200 15.6 4.75
9376 5201 14.6 4.45
9379 5203 14.4 4.40
20.3 6.35 9383 5204 14.6 4.45
20.2 6.15 9387 5205 14.1 4.30
19.9 6.05
19.4 5.90 P 345
19.8 6.00
19.7 6.00 9357 5150 107.9 32.90
20.3 6.20 9362 5130 107.5 32.75
22.3 6.30 9367 5151 106.2 32.35
19.7 6.00 9372 5131 104.3 31.80
19.9 6.05 9377 5132 102.6 31.25
13.3 5.55 9381 5132 100.4 30.60
19.0 5.80 9336 5131 97.8 29.80
18.9 5.75 9390 5130 94.9 28.95
19.2 5.35 9394 5128 93.1 28.40
19.1 5.30 9396 5126 91.7 27.95
18.1 5.50 9599 5125 90.2 27.50
17.6 5.35 9405 5124 89.7 27.35
18.4 5.60 9408 5124 90.7 27.65
9412 5123 90.2 27.50
9416 5122 91.0 27.75























































90.3 27.70 9424 5131 46.0 14.00
90.9 27.70 9428 5131 46.5 14.15
106.6 32.50 9432 5130 46.3 14.10
107.2 32.65 9435 5130 45.7 13.90
106.8 32.55 9431 5162 43.7 15.50
103.0 32.90 9432 5155 42.2 12.85
103.8 33.15
109.4 33.35 P 349
109.9 33.50
108.7 33.15 9392 5197 40.5 12.35
106.9 32.60 9396 5198 39.7 12.10
105.0 32.00 9401 5199 40.1 12.20
103.3 31.50 9405 5199 40.5 12.35
102.2 31.15 9410 5199 40.8 12.40
101.7 31.00 9414 5200 40.5 12.35
100.3 30.55 9413 5200 39.8 12.10
96.9 30.15 9417 5203 39.6 12.05
96.5 29.40 9419 5196 59.9 12.15
94.3 23.90 9423 5200 39.7 12.10
95.3 29.05 9427 5199 39.4 12.00
96.0 29.25 9431 5199 39.1 11.90
96.0 29.25 9436 5199 37.2 11.35
95.1 29.00 9440 5198 35.5 10.80
93.7 23.55
93.3 28.45 P 351
92.8 28.50
91.8 23.00 9390 4202 17.1 5.20
90.6 27.60 9394 5202 13.0 5.50
39.5 27.30 9597 5203 13.3 5.55
38.0 26.80 9401 5204 13.4 5.60
9405 5205 I8.4 5.60
9409 5206 18.1 5.50
9413 5207 17.3 5.40
52.9 16.10 9413 5206 17.5 5.55
53.5 16.50 9414 5206 17.0 5.20
52.5 16.00 9414 5205 16.3 4.95
51.7 15.75 9414 5204 16.7 5.10
52.9 16.10 9413 5203 17.0 5.20
51.7 15.75 9412 5203 14.4 4.40
52.4 16.00 9412 5209 14.6 4.45
53.0 16.15 9413 5207 17.9 5.45
54.0 16.45 9422 5207 17.6 5.35
54.1 16.49 9426 5207 16,6 5.05
54.6 16.60 9429 5206 16.7 5.05
54.3 16.55 9434 5206 16.9 5.15
54.1 16.50 2433 5205 16.2 4.95
52.1 15.20 9466 5199 16,3 4.95
51.3 15.60 9470 5107 15.3 4.65
52.1 15.90 9475 5136 15.5 4.70
51.6 15.70 9430 5195 15.4 4.70
51.0 15.55 9485 5194 15.6 4.75
49.6 15.15 9432 5190 15.4 4.70
43.1 14.65 9432 5191 12.9 3.90
46.5 14.15 9432 5193 15.9 4.85
45.6 13.90 9433 5195 12.8 3.90
9433 5196 9.9 3.00 9598 5109 122.7 37.40
9491 5193 15.9 4.85 9597 5113 121.9 37.15
9496 5191 15.3 4.80 9596 5117 120.4 36.70
9501 5190 15.7 4.75 9603 5106 122.6 37.55
9506 5189 15.5 4.70 9608 5108 122.6 37.35
9511 5189 15.8 4.80 9613 5109 122.5 37.35
9516 5187 15.8 4.80 9618 5110 122.2 37.25
9521 5187 14.7 4.45 9623 5111 118.3 36.05
9526 5186 13.3 4.05 9628 5113 116.6 35.55
9530 5185 12.6 3.80 9628 5109 116.9 35.60
9535 5184 11.2 3.40 9629 5106 116.4 35.45
9627 5117 116.8 35.60
P 853 9626 5121 116.7 35.55
9632 5114 116.2 35.40
9391 5206 14.5 4.40 9636 5115 115.7 35.25
9395 5206 14.6 4.45 9640 5116 115.6 35.25
9398 5207 14.8 4.50 9641 5116 115.4 35.15
9402 5207 14.2 4.35 9645 5117 114.4 34.35
9405 5207 14.5 4.40 9650 5117 113.8 34.70
9409 5208 15.0 4.55 9654 5118 113.4 34.55
9412 5208 14.5 4.45 9659 5119 113.8 34.65
9416 5208 14.6 4.45 0664 5119 114.5 34.90
9420 5209 14.1 4.30 9667 5116 113.0 34.45
9424 5209 14.4 4.35 9670 5113 108.7 33.15
9428 5208 14.6 4.45 9672 5122 101.2 50.95
9432 5208 14.6 4.45 9674 5126 94.0 28.65
9431 5208 14.2 4.30
9441 5207 13.1 4.00 P 865
9444 5205 13.4 4.05
9448 5204 13.7 4.15 9683 5140 96.4 29.35
9453 5203 12.5 3.80 9688 5141 96.6 29.45
9459 5202 13.3 4.05 9691 5152 97.5 29.70
9463 5201 12.4 3.80 9692 5143 97.2 29.60
9694 5144 97.1 29.60
P 855 9695 5139 94.5 28.80
9696 5135 95.5 28.10
9456 5147 42.0 12.30 9698 5130 98.3 29.95
9451 5146 41.7 12.70 9699 5123 101.6 30.95
9446 5145 39.9 12.15 9702 5132 97.1 20.60
9442 5147 39.1 11.90 9707 5134 93.7 29.55
9438 5149 37.7 11.50 9712 5137 94.1 28.70
9435 5153 37.3 11.50 9717 5139 91.7 27.95
9434 5157 35.8 10.90 9722 5142 87.1 26.55
9434 5161 36.7 11.20 9710 5145 86.8 26.45
9435 5165 36.6 11.15 9718 5148 84.2 26.65
9436 5169 35.1 10.70 9716 5151 83.1 25.30
9437 5173 33.3 10.15 9715 5155 97.5 26.65
9439 5177 3°. 5 9. 90 9726 5144 83.6 25.50
0730 5146 80.0 24.40
P 963 9733 5147 77.5 23.60
9737 5149 72.4 22.05
9599 5105 122.3 37.30 9741 5151 69.0 21.05
9600 5101 123.7 37.70 9745 5153 66.3 20.35
9601 5097 123.3 37.75 9750 5155 67.0 20.40
9602 5093 124.1 37.90 9754 5157 66.3 20.20
376
F 869 9910 5263 9.3 2.95
9306 5267 9.2 2.80
9790 5203 43.5 13.25 9319 5261 9.2 2.80
9794 5215 41.3 12.60 9323 5264 8.8 2.65
9797 5217 41.3 12.60 9827 5266 9.0 2.75
9831 5269 3.7 2.65
P 871 9835 5271 8.6 2.60
9839 5274 7.8 2.40
9827 5181 105.2 32.05 9343 5276 7.9 2.40
9828 5185 104.0 31.70 9347 5279 7.4 2.25
9829 5189 101.2 30.85 9849 5231 10.5 3.20
9830 5194 100.6 30.65 9852 5234 9.7 2.95
9831 5198 100.5 50.65 9355 5287 3.9 2.70
9832 5201 100.0 30.45 9855 5286 9.6 2.95
9833 5205 97.5 29.70 9954 5237 8.9 2.70
9833 5209 97.4 29.65 9855 5238 3.9 2.70
9835 5213 96.3 29.35 9952 5289 9.4 2.85
9832 5217 94.5 28.80 9858 5290 3.5 2.60
9831 5222 92.3 28.15 9862 5293 3.8 2.70
9827 5220 92.5 28.15 9365 5296 8.3 2.50
9327 5216 95.0 28.95 9871 5299 8.3 2.55
9327 5212 95.8 29.20 9375 5302 8.7 2.65
9876 5300 12.6 5.35
P 373 9876 5300 10.9 3.30
9876 5301 9.7 2.95
9799 5238 25.5 7.75 9376 5301 8.9 2.70
9902 5238 24.0 7.30 9876 5302 8.5 2.60
9306 5241 23.0 7.0C 9876 5502 7.9 2.40
9910 5244 21.9 6.65 9876 5303 7.6 2.30
9814 5247 21.2 6.45 9875 5304 7.4 2.25
9913 5250 19.4 5.90 9379 5304 8.3 2.50
9912 5253 19.9 5.75 9385 5305 7.7 2.35
9915 5245 24.4 7.45 9337 5307 8.1 2.45
9916 5243 27.0 8.20 9391 5308 7.9 2.40
9918 5250 19.8 6.05 9395 5509 7.5 2.30
0922 5253 19.2 5.85 9000 5312 7.3 2.20
9926 5256 19.1 5.30 9905 5313 8.0 2.45
9930 5259 18.9 5.75 9909 5314 9.5 2.85
9934 5262 18.0 5.45 9914 5314 10.7 3.25
9932 5265 17.6 5.35 9933 5293 15.0 4.55
9838 5260 19.7 5.70 9933 5288 16.2 4.90
9843 5256 I8.5 5.65 9933 5283 15.3 4.65
9337 5265 17.8 5.45
9840 5269 18.3 5.55 F 377
9843 5273 17.7 5.40
3946 5277 17.3 5.25 9869 5254 65.4 19.95
9349 5281 13.4 4.05 9371 5257 64.7 19.70
9374 5260 65.7 20.00
CDs sJI 9877 5264 68.3 20.30
9879 5268 69.3 21.25
9902 5243 10.7 3.25 9877 5269 70.2 21.40
9307 5252 10.2 3.10 9879 5273 69.5 21.20
9311 5256 9.9 3.00 9881 5273 69.7 21.25
9815 5259 9.3 2.30 9389 5274 67.1 20.45






























































































































Appendix 1(b). Areally distributed height layout patterns.
This appendix contains those heights collected on rectangular
grid, randomly distributed and clustered height layouts over several
fragments in the Pleura Castle area. The format for the rectangular
gridded heights is arranged aoross the page as followst
8 Figure Rational
Grid reference. P Q Height Height
(in feet) (in metres)
The symbols P and >4 refer to distance down and perpendicular distance
from a sinuous line around the rear of the terrace fragment (Chapter 11).
The format for randomly distributed heights and for those on a clustered
distribution is, as in appendix 1(a), reproduced twice across each






Fragment 584 (Rectangular grid height layout )
Grid Reference P Value Q Value Height Height
(feet) (metres)
7083 3389 41.5 4.95 129.9 39.60
7075 3382 39.4 5.30 130.2 39.70
7080 3384 40.2 4.85 129.2 39.40
7084 3385 40.9 4.40 128.6 39.20
7019 3359 23.6 6.40 136.6 41.65
7023 3361 24.3 6.55 135.7 41.35
7028 3362 25.0 6.80 134.2 40.90
7032 3364 25.7 7.05 133.0 40.55
7037 3365 26.7 7.30 133.2 40.60
7041 3367 27.6 7.50 133.0 40.55
7040 3368 32.9 6.95 133.4 40.65
7050 3369 33.9 6.65 133.2 40.60
7055 3371 34.7 6.35 132.2 40.30
7059 3372 35.4 6.10 130.7 39.85
7063 3374 36.5 5.75 130.0 39.60
7068 3375 37.2 5.45 130.9 39.90
7072 3377 38.0 5.10 131.3 40.00
7077 3378 39.0 4.70 131.3 40.00
7081 3379 39.7 4.25 130.5 39.80
7020 3355 23.9 5.65 135.0 41.15
7025 3357 24.6 5.90 134.9 41.10
7029 3358 25.3 6.10 134.6 41.05
7034 3359 26.2 6.35 135.3 41.25
7038 3361 27.0 6.55 136.1 41.50
7043 3362 31.6 6.50 134.7 41.05
7047 3364 32.6 6.25 133.7 40.75
7052 3365 33.7 6.00 132.2 40.30
7056 3367 34.5 5.75 131.1 39.95
7061 3368 35.3 5.45 132.3 40.35
7065 3369 36.1 5.10 132.5 40.40
7069 3371 36.9 4.80 131.3 40.00
7072 3372 37.5 4.45 131.9 40.20
7077 3374 38.4 4.05 132.5 40.40
7081 3375 39.2 3.65 131.2 40,00
7026 3352 24.9 5.20 133.7 40.75
7031 3353 25.6 5.5 0 133.4 40.65
7035 3355 26.3 5.70 135.3 41.25
7040 335o 27.3 5.90 135.0 41.15
7044 3358 29.0 6.00 134.1 40.85
7049 33 59 32.3 5.60 134.1 40.85
7053 3361 33.3 5.35 133.5 40.70
7057 3362 34.1 5.00 132.9 40.50
7062 33o3 34.9 4.75 133.6 40.70
7066 3365 35.7 4.45 132.1 40.25
7071 3366 36.4 4.10 133.0 40.55
7075 3368 37.1 3.80 133.2 40.60
7079 3369 37.8 3.40 132.9 40.50
7055 3356 32.9 4.65 134.3 40.95
7059 3357 33.8 4.35 133.7 40.75
The continuous line on the opposite page indicates the
commencement of the rectangular gridded heights on Fragment 595*
The caption has been omitted*
7064 3359 34.5 4.05 134.6 41.05
7068 3360 35.3 3.75 132.4 40.35
7072 3362 36.1 3.40 133.9 40.80
7077 3363 36.8 3.10 132.7 40.45
7081 3364 37.5 2.70 131.0 39.95
7005 3355 34.2 3.40 134.3 40.95
7069 3356 34.9 3.15 133.3 40.65
7073 3357 35.8 2.80 132.0 40.25
7078 3359 36.4 2.45 131.9 40.20
7029 3320 25.5 0.10 133.4 40.65
7015 3320 23.4 0.10 135.4 41.25
7019 3321 24.0 0.30 132.9 40.50
7024 3322 24.7 0.50 132.8 40.50
0877 3280 0.2 0.30 147.1 44.85
6881 3282 0.9 0.00 146 • 4 44.60
7010 3323 22.5 0.60 130.7 39.85
7014 3325 23.1 0.80 134.3 40.95
7018 3326 23.7 1.00 136.4 41.55
o880 3286 1.1 0.70 147.1 44.85
6884 3287 1.8 0.35 146.5 44.65
6889 3289 2.5 0.00 146.4 44.60
7001 3325 21,1. 0.70 135.3 41.25
7005 3326 21.7 1.00 133.0 40.55
7009 3328 22.3 1.25 132.3 40.35
6883 3292 2.1 1.00 146.5 44.65
6887 3293 2.7 0.65 147.2 44.85
6892 3294 3.4 0.35 145.8 44.45
6896 3296 4.0 0.05 144.4 44.00
6973 3321 16.9 0.10 138.1 42.10
6978 3322 17.6 0.30 135.8 41.40
6982 3324 18.3 0.45 135.1 41.20
6986 3325 19.0 0.65 136.0 41.45
6991 3326 19.6 0.85 134.3 40.95
6995 3328 20.2 1.10 136.2 41.50
6999 3329 20.9 1.30 137.1 41.80
7003 3330 21.4 1.60 136.7 41.65
6886 3297 3.0 1.25 147.5 44.95
0890 3298 3.7 1.00 147.3 44.90
6894 3300 4.3 0.70 147.3 44.90
6899 3301 5.0 0.40 144.0 43.90
6904 3303 5.6 0.20 142.8 43.55
6931 3312 10.1 0.00 142.4 43.40
6935 3314 10.8 0.00 140.9 42.95
6939 3315 11.5 0.05 141.9 43.25
6943 3316 12.1 0.10 139.9 42.65
6947 3317 12.8 0.20 138.5 42.20
6951 3319 13.4 0.20 136.7 41.65
6955 3320 14.1 0.30 138.2 42.10
6959 3321 14.7 0.40 136.7 41.65
6903 3322 15.3 0.50 13".0 41.45
0908 3324 16.0 0.65 138.0 42.05
6972 3325 16.7 0.80 137.7 41.95
6976 3326 17.4 0.95 136.5 41.60
6981 3328 18.1 1.15 13".4 41.55
o985 3329 18.8 1.30 135.9 41.40
6989 3331 19.4 1.50 136.9 41.75
381
6^94 3332 20.0 1.75 136.9 41.75
699# 3333 20.6 2.00 137.9 42.05
7002 3335 21.2 2.25 137.0 41.75
6389 3303 4.0 1.60 146.2 44.55
6893 3304 4.6 1.35 146.2 44.55
6897 3306 5.2 1.10 146.8 44.75
6902 3307 5.8 0.90 146.8 44.75
6906 3309 6.4 0.75 143.1 43.60
6910 3310 7.0 O.65 141.3 43.05
6914 3311 7.6 0.60 141.5 43.15
6918 3313 8.2 0.55 142.6 43.45
6922 3314 8.8 0.55 142.1 43.30
6926 3315 9.5 0.55 142.1 43.30
6929 3316 10.1 0.70 140.7 42.90
6933 3318 10.7 0.75 139.7 42.60
6938 3319 11.4 0.75 139.9 42.65
6942 3320 12.1 0.80 140.2 42.75
6946 3322 12.7 0.90 139.1 42.40
6950 3323 13.3 0.95 139.4 42.50
6954 3324 14.0 1.00 138.3 42.15
6958 3325 14.6 1.10 138.2 42.10
6962 3327 15.2 1.20 137.1 41.80
6966 3328 15.9 1.35 137.7 41.95
6971 3329 16.6 1.50 137.5 41.90
6975 3331 17.3 1.65 137.2 41.80
6979 3332 17.9 1.80 137.1 41.80
6984 3334 18.6 2.00 136.7 41.65
6988 3335 19.3 2.20 137.2 41.80
6993 3336 19.8 2.45 138.1 42.10
6997 3338 20.4 2.65 137.8 42.00
7001 3339 21.0 2.90 135.3 41.25
6896 3310 5.4 1.80 145.2 44.25
6900 3312 6.0 1.55 145.0 44.20
6904 3313 6.5 1.40 143.9 43.85
6908 3314 7.1 1.35 143.1 43.60
6912 3316 7.7 1.30 144.1 43.90
6916 3317 8.3 1.25 142.9 43.55
6920 3318 8.8 1.25 142.9 43.55
6924 3319 9.4 1.35 142.1 43.30
6928 33 21 10.1 1.40 141.2 43.05
6932 3322 10.7 1.40 141.1 43.00
6936 3323 11.4 1.45 141.0 43.00
6940 3325 12.0 1.50 139.7 42.60
6944 3326 12.7 1.55 140.0 42.65
6948 3327 13.3 1.60 139.7 42.60
6952 3329 14.0 I.65 138.9 42.35
6956 3330 14.6 1.80 138.4 42.20
6960 3331 15.1 1.90 13 8.5 42.20
6965 3332 15.8 2.05 137.5 41.90
6969 3334 16.A 2.20 138.0 42.05
6973 3335 17.1 2.35 137.7 41.95
6978 3337 17.8 2.50 137.1 41.80
6982 3338 18.4 2.70 137.6 41.95
6987 3339 19.1 2.90 138.0 42.05
6991 3341 19.6 3.10 138.5 42.20
69v5 3342 20.2 3.35 135.2 41.20
6899 3316 6.2 2.30 144.7 44.10
6903 3317 6.7 2.20 144.5 44.05
6907 3319 7.2 2.10 145.1 44.25
o911 3320 7.7 2.00 144.9 44.15
6915 3321 8.3 2.00 144.3 44.00
6919 3322 8.9 2.00 143.7 43.80
6923 3324 9.4 2.0$ 143.1 43.60
6927 3325 10.0 2.10 142.0 43.30
6931 3326 10.7 2.15 141.4 43.10
6935 3328 11,3 2.20 139.5 42.50
6939 3329 12.0 2.25 140.3 42.75
6943 3330 12.6 2.30 140.4 42.80
6947 3332 13.2 2.35 138.9 42.35
6951 3333 13.9 2.40 138.8 42.30
6955 3334 14.5 2. 50 139.7 42.60
6959 3336 15.0 2; >5 139.4 42.50
6963 3337 15.7 2. 75 138.7 42.30
6968 3338 16.3 2.90 138.6 42.25
6972 3340 17.0 3.05 138.7 42.30
6976 3341 17.7 3.20 138.0 42.05
c.981 3342 18.3 3.45 137.5 41.90
6985 3344 18.9 3.60 137.9 42.05
6990 3345 19.5 3.80 136.3 41.55
6902 3322 6.8 2.80 144.6 44.05
6905 3323 7.2 2.75 144.1 43.90
6909 3324 7.8 2.70 143.7 43.80
6913 3325 8.3 2.70 143.0 43.60
6917 3327 8.8 2.65 142.6 43.45
6922 3328 9.4 2.70 141.8 43.20
6926 3329 10.0 2.75 141.3 43.05
6930 3331 10.7 2.80 141.3 43.05
6934 3332 11.3 2.85 140.8 42.90
6938 3333 12.0 2.90 141.1 43.00
6942 3334 12.6 2.95 139.8 42.60
6946 3336 13.2 3.05 139.7 42.60
6950 3337 13.9 3.10 139.8 42.60
6954 3338 14.4 3.20 140.4 42.80
6958 3340 14.9 3.30 139.3 42.45
6962 3341 15.5 3.45 139.7 42.60
6967 3343 16.2 3.60 139.6 42.55
6971 3344 16.9 3.75 139.8 42.60
6975 3345 17.5 3.95 139.6 42.55
6980 3347 18.1 4.10 137.8 42.00
6984 3348 18.7 4.30 137.6 41.95
6908 3328 7.8 3.35 144.0 43.90
6912 3329 8.3 3.35 143.5 43.75
6916 3331 8.8 3.35 143.3 43.70
6920 3332 9.3 3.40 143.2 43.65
6924 3333 9.9 3.45 142.2 43.35
6928 3335 10.6 3.50 141.9 43.25
6932 3336 11.2 3.50 140.9 42.95
6936 3337 11.9 3.55 140.6 42.85
6940 3339 12,6 3.60 141.0 43.00
6944 3340 13.1 3.70 141.4 43.10
6948 3341 13.7 3.80 141.4 43.10
6952 3343 14.4 3.90 140.5 42.80
6956 3344 14.9 4.00 139.5 42.50
6961 3345 15.4 4.15 139.6 42.55
6965 3347 16.0 4.30 139.7 42.60
6969 3343 16.7 4.45 139.8 42.60
6974 3349 17.3 4.60 139.6 42.55
6973 3351 18.0 4.ao 138.2 42.10
6919 3336 9.3 4.10 143.4 43.70
6923 3337 9.9 4.15 142.7 43.50
6927 3339 10.5 4.15 143.3 43.70
6931 3340 11.2 4.20 142.4 43.40
6935 3341 11.9 4.25 142.6 43.45
6939 3343 12.5 4.30 142.1 43.30
6943 3344 13.1 4.40 141.8 43.20
6947 3345 13.7 4.45 141.5 43.15
6951 3347 14.3 4.55 141.2 43.05
6955 3343 14.a 4.65 141.5 43.15
6959 3350 15.3 4.ao 141.1 43.00
6964 3351 15.9 5.00 140.7 42.90
Fragment 586/588
urid fteference P Value Q Value Height Height
(feet) (metres
7016 3348 23.3 4.50 122.7 37.40
7017 3340 23.5 3.85 123.3 37.60
7021 3345 24.2 4.15 121.5 37.05
7025 3347 24.9 4.35 124.5 37.95
7030 3348 25.6 4.60 123.8 37.75
7023 3341 24.5 3.45 122.2 37.25
7027 3343 25.2 3.70 122.7 37.40
7031 3344 26.0 3.90 124.8 38.05
7036 3345 26.7 4.15 127.1 38.75
7040 3347 27.4 4.35 123.5 37.65
7044 3348 28.6 4.65 125.5 38.25
7048 3349 31.2 4.30 124.8 38.05
7052 3351 32.0 4.10 123.5 37.65
7024 3337 24.7 2.80 123.7 37.70
7028 3338 25.4 3.00 121.8 37.10
7032 3339 26.2 3.25 122.7 37.40
7037 3341 26.9 3.45 122.6 37.35
7041 3312 27.5 3.70 125.9 38.35
7045 3344 28.7 3.80 125.7 38.30
7050 3345 31.0 3.65 125.8 38.35
7054 3346 31.7 3.45 125.8 38.35
7058 3348 32.5 3.20 125.6 38.30
7062 3349 33.3 2.95 123.4 37.60
7030 3334 25.6 2.40 123.1 37.50
7034 3335 26.4 2.60 120.5 36.75
7038 3337 27.I 2.80 123.0 37.50
7043 3338 27.8 3.00 123.3 37.60
7047 3339 28.8 3.10 121.5 37.05
7051 3341 30.5 3.00 123.0 37.50
7055 3342 31.5 2.75 123.5 37.65
7060 3343 32.2 2.55 122.4 37.30
7064 3345 33.0 2.30 121.9 37.15
7068 3346 33.7 2.05 121.1 36.90
7072 3347 34.3 1.30 118.5 36.10
7077 3349 34.9 1.50 118.4 36.10
7035 3331 26.6 1.95 121.9 37.15
7040 3332 27.2 2.15 120.1 36.60
7044 3334 23.0 2.35 123.2 37.55
704^ 3335 29.1 2.40 123.4 37.60
7052 3336 30.2 2.35 122.9 37.45
7057 3333 31.3 2.10 122.4 37.30
7061 3339 32.0 1.90 120.7 36.80
7065 3340 32.3 1.65 119.8 36.50
7041 3328 27.4 1.50 120.8 36.80
7045 3330 23.2 1.65 122.6 37.35
7049 3331 29.2 1.70 120.9 36.85
7054 3332 30.1 1.65 121.2 36.95
7053 3334 31.1 1.45 121.4 37.00
Erratum Hi© continuous line on the opposite par© indicates the
commencement of the clustered height layout values on Pragaent 535*
the caption has been omitted. These heights were added to those
around the rin and across Fragment 535 (Appendix 1(a)) to provide
all of the values employed in trend surface calculations based on
the olustered data layout.
FitAGMGwT 585 (Randomly distributed heights within




















































































































































































































































































































































































































































Appendix I (e) River surface heights.
These accurate spot levels are believed to represent to an
acceptable degree of accuracy the normal or low water river level
of the Tweed water surface and adjacent sections of tributaries.
The format is identical to that used in appendix 1(a):
8 Figure Rational Height Height
Grid Reference (in feet) (in metres)
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Appendix 1(c) : Flood Levela.
Grid reference Height (feet) Height (netrea)
5106 3497 312.0 95.10
5106 3497 3H.2 94.85
5106 3497 309.7 94.40
7107 3419 115.9 35.35
7107 5419 115.4 35.15
7963 5845 76.3 23.25
8442 3930 57.6 17.55
3442 3980 57.3 17.45











Appendix I (d). Terrace fragment heights by use of the aneroid
barometer*
The format for these results, identical with that in appendices
1(a) and 1(c), is
8 Figure National Height Height
Grid Reference (in feet) (in metres)
and this is reproduced twice across each sheet. The procedure for
obtaining the heights is set out in the text (Chapter 3) and involved
the use of a 7 inch aulin surveying aneroid, model Palbo.
392
F 626 7540 3633 97.2 29.65
7540 3642 97.2 29.65
7447 3519 103.2 31.45 7540 3647 97.2 29.65
7452 3521 102.7 31.30 7540 3651 92.2 23.10
7456 3524 99.2 30.25 7540 3656 93.2 28.40
7461 3527 98.7 30.10
7466 3529 100.2 30.55 F 634
7471 5532 97.7 29.80
7455 3525 99.7 30.40
P 630 7459 3527 101 .2 30.85
7465 5550 96.7 29.45
7401 3549 121.2 36.95 7467 3532 94.2 28.70
7485 3553 120.2 36.65 7471 3535 96.7 29,45
7489 3557 118.2 36.05
7493 3560 119.7 36.50
7496 5563 113.2 36.03
7499 3567 118.2 36.05
7498 3570 116.2 35.40
7506 3591 123.2 37.55
7508 3595 123.2 37.55
7510 3599 121.2 36.95
7513 3603 115.2 35.10
7516 3606 118.2 36.05
7518 3610 112.2 34.20
7521 3614 110.2 53.60
7524 3618 115.2 35.10
7525 3623 114.2 34.30
7525 3628 110.2 33.60
F 632
7494 5548 112.2 34.20
7438 5550 109.2 33.30
7402 5552 107.2 32.65
7406 3554 108.2 53.00
7500 3556 109.2 33.30
7503 3569 106.2 32.55
7503 3572 106.2 32.35
7513 5574 108.2 33.00
7513 3576 109.2 33.30
7522 3578 106.2 32.35
7526 3530 106.2 32.35
7529 3584 107.2 32.65
7532 3588 106.2 32.35
7533 3593 105.2 32.05
7534 3593 105.2 39.05
7536 3605 107.2 32.65
7535 36O8 102.2 31.15
7354 5613 97.2 29.65
7533 3619 92.2 23.10
7533 3623 97.2 29.65
7533 3624 97.2 29.65
7539 3628 101.2 30.85
7540 3633 102.2 31.15
393
Appendix 2: Hel?ht/Diatanee Graph Coordinates for a sample of
terrace fragments.
Section a).
The format of the data in this section is:
Distance along graph Altitude in
from arbitrary origin feet*
and this is repeated twice on each page. Metre equivalents
terrace fragment heights can be obtained by refering to the




This contains the results of calculations of linear correlation
and regression between heights and distance between these heights on
some sixty terrace fragments. These values were calculated by vari ants
on an Atlas Autocode program entitled C0RH1G (Appendix 8), The meaning






































































































FRAGMENT N0:122 FRAGMENT NO:130(cont'
X Y(feet) X Y(feet)
0.03 749.4 1.03 650.5
0.13 746.6 1.72 649.7





0.32 737.0 2.01 647.7
0.39 736.1 2.03 647.4












































































































































































FrtAGl - ENT NO:189 FRAGMENT NO:203(32)
X Y(feet) X Y(feet)
0.99 704.4 0.50 615.3
1.07 703.1 0.57 614.8
1.16 701.9 0.65 614.5
1.25 701.2 0.72 613.2
1.35 701.2 0.80 612.9
1.43 700.3 0.88 612.3
1.50 698.9 0.95 612.7
1.59 698.8 1.02 612.5
1.65 698.1 1.10 612.5
1.77 697.2 1.20 612.6
1.85 696.9 1.29 612.5
1.93 696.4 1.38 612.3
2.02 695.3 1.45 612.1
2.12 694.1 1.60 612.4
2.22 692.7 1.68 612.6
2.31 691.3 1.74 .611.4
2.40 691.5 1.82 610.8
2.51 690.6 1.90 610.3
2.60 689.9 1.97 610.1
2.69 688.5 2.02 610.1
2.79 687.6 2.10 609.4
2.89 687.7 2.18 609.7
2.97 686.4 2.25 608.4
3.05 686.0 2.32 608.7
3.12 685.3 2.40 608.5
3.21 684.3 2.48 608.2
3.30 684.1 2.55 607.4
3.38 683.1 2.64 607.4
3.45 682.6 2.71 607.3
3.52 682.4 2.79 607.2
3.60 681.5 2.86 606.7
3.68 681.0 2.95 605.3
3.75 680.0 3.02 604.3
3.84 680.2 3.10 605.2
3.91 679.3 3.18 604.5
4.00 678.O 3.25 604.1
4.09 677.8 3.32 603.4
4.16 678.0 3.42 603.2
4.22 676.6 3.50 602.4
4.32 675.2 3.58 602.3













FRAGMENT N0:203(82)(Cont'd.) FRAGMENT MO:207
X Y(feet) X Y(feet)
4.31 595.3 0.31 685.1
4.91 595.9 0.35 682.2
5.02 595.3 C.40 679.2
5.12 596.9 0.45 677.6
5.20 597.1 0.50 674.5
5.28 596.3 0.56 672.7
5.35 596.3 0,60 670.9
5.42 596.7 0.65 666.7
5.51 595.8 0.71 662.6
5.59 594.8 0.76 660.5
5.68 594.3 0.81 653.9
5.75 593.9 0.86 656.7
5.83 594.6 0.90 6-53*3
5.95 594.3 0.95 650.0
6.01 594.3
6.07 593.8
6.12 593.4 FRAGMENT NO:208W
6.20 593.4 X Y(feet)
6.25 592.8 0.80 629.6
6.31 591.9 0.89 628.4
6.39 592.6 0.98 627.5
6.45 592.1 1.05 626.7





6.74 539.7 1.35 620.3
6.83 539.6 1.40 619.4
6.90 539.0 1.56 617.0
7.00 588.8 1.60 615.2
1.66 614.4
1.71 612.7
FRAGMENT!: 00:203(83) 1.75 610,9
X Y(feet) 1.84 608.8
0.65 623.2 1.90 607.2
0.71 624.9 1.96 606.5
0.30 625.3
0.87 624.5
0.95 624.3 FRAGMENT i .0:212
1.02 623.7 X Y(feet)
1.10 622.9 0.95 703.0
1.18 622.3 1.03 706.7
1.25 622.5 1.09 703.9
1.31 021.8 1.15 701.2
1 . 40 621.9 1.22 693.2














































































































































































































FRAGMENT NO:532 FRAGMENT NO:532(contfd
X Y(feet) X Y(feet)
0.7 154.3 9.6 138.5
1.0 153.0 9.7 136.9
1-3 152.2 9.8 135.9
1.6 152.9 9.9 136.6
1.9 153.2 10.0 137.4
2.3 152.5 10.1 138.2
2.6 152.3 10.2 138.2
2.9 151.4 10.3 137.7
3.2 150.9
3.4 150.5
3.7 150.3 FRAGMENT N0:629
3.9 149.3 X Y(feet)
4.1 147.3 0.6 123.9
4.3 147.5 0.8 123.3





5.2 146.8 1.4 121.0
5.5 146.7 1.5 120.8
5.7 146.2 1.7 113.9
5.3 146.7
6.0 146.2
6.1 145.9 FRAGMENT NO1630
6.3 144.8 X Y(feet)
6.5 144.3 3.5 114.2
o.6 146.6 3.9 112.6
6.8 143.3 4.4 109.7
6.9 143.3 4.8 111.3
7.0 144.0 5.3 112.7
7.1 142.3 5.7 112.7
7.2 142.7 6.1 112.2
7.3 142.0 6.4 111.5
7.4 142.0 7.3 106.2
7.6 143.0 8.2 107.6
7.7 140.9 8.6 105.3
7.3 141.0 9.0 106.2
7.9 141.8 9.4 106.2
8.0 141.0 9.8 106.0
8.1 141.3 10.2 105.7
8.2 341.9 10.6 106.2
8.3 142.0 11.0 106.1
8.4 142.3 11.4 104.7
8.5 142.0 11.8 104.3
3.6 140,6 12.1 105.6
3.7 139.4 12.4 106.4





























































9.5 101.0 X Y(feet)
9.9 100.5 0.1 90.3
10.3 100.3 0.3 90.4
10.7 93.3 0.4 90.0
11.1 93.9 0.6 39.3
11.6 93.6 0.3 39.6
12.0 94.3 0.9 37.7
12.4 94.3 1.1 35.3
12.3 94.6 1.2 34.7
13.2 94.0 1.4 34.3
13.6 93.0 1.7 34.6
14.0 92.0 1.3 35.5
14.4 90.6 1.9 35.1
14.3 91.0 2.0 33.4
15.2 90.4 2.1 32.9
15.6 90.5 2.4 32.3
16.0 90.5 2.7 31.5
3.0 30.3
3.3 31.5
IVuiu. .44T 00:679 3.9 31.6
X Y(feet} 4.2 . 31.7
0.3 173.9 4.5 31.3
0.4 173.2 4.3 30.9
0.6 173.0 5.1 79.9
0.3 173.2 5.3 77.7
0.9 177.9 5.4 76.5
1.1 176.3 5.5 74.5
1.3 176.4 5.6 73.9
1.5 174.3 5.7 74.0
1.7 173.1 5.3 73.9
1.3 -1 rsn 4X/X.U 5.9 74.1
2.0 170.7 6.0 74.2
2.2 169.7 6.2 75.5
2.3 169.2 6.4 76.3
2.5 163.5 6.5 74.7
2.9 I64.O 6.6 73.6
FRAGMENT NO:687,7073719(cont rci. ) FRAGMENT N0:689
X Y(feet) X Y(feet)
6.8 73.3 0.1 91.1
6.9 72.1 0.2 39.4
7.0 71.0 0.3 86.3
7.2 70.7 0.4 34.6
7.3 70.6 0.5 34.1
7-4 71.1 0.6 31.9
7.6 71.9 0.7 31.7
7-7 72.0 0.8 80.9
7.3 70.9
3.0 71.1
3.1 72.5 FRAGMENT NO:714
8.2 72.6 X Y(feet)
8.4 73.6 0.9 . 42.8
3.5 71.6 1.1 42.9
8.6 71.9 1.3 42.7
8.7 71.8 1.5 42.5
3.9 70.0 1.7 4-2.4
9.1 69.9 1.9 42.2
9.2 70.3 2.1 41.7
9.4 69.3 2.3 40.7
9.5 68.5 2.5 40.3
9.6 68.6 2.7 40.0
9.7 68.2 2.9 40.9
9.9 66.8
10.1 67.3
10.2 67.2 FRAGMENT NO:720
10.3 66.3 X Y/feet)
10.4 67.5 0.2 41.3
10.6 69.9 0.4 40.0
10.7 68.5 0.6 40,6
10.8 69.1 0.8 37.5
10.9 67.5 1.0 33.0
11.0 66.6 1.2 37.9
11.1 68.7 1.4 38.0
11.3 70.3 1.6 37.6
11.4 68.8 1.7 34.2
11.5 68.0 1.9 35.5
11.6 66,0 2.2 36.2
11.7 63.5 2.4 33.5
11.8 62.6
11.9 63.4
12.0 64.9 FRAGMENT NO:722





































































































































































































































































































































































































































FRAGMENT NO(343 &853 (cont'd.) FRAGMENT NO:847
X Y(feet) X Y(feet)
4.3 15.3 0.5 52.9
4.5 15.6 0.7 53.5
4.7 14.6 0.9 52.5
4.9 14.4 1.1 51.7
5.0 14.6 1.3 52.4
5.2 14.1 1.5 53.0
5.3 14.5 1.7 54.0
5.5 14.6 1.9 54.1
5.6 14.3 2.1 54.6
5.3 14.2 2.3 54.3
5.9 14.5 2.5 54.1
6.1 15.0 2.7 51.6
6.2 14.5 2.9 51.0
6.3 14.6 3.0 49.6
6.5 14.1 3.2 43.1
o.6 14.4 3.4 46.5
6.8 14.6 3.6 45.6
6.9 14.6 3.8 46.0
7.1 14.2 4.0 46.5
7.3 13.1 4.2 46.3
7.5 13.4 4.3 45.7
7.7 13.7 4.5 43.7




















































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix 3 Trend surface results.
The symbols employed in this appendix are used in the following
manneri CI to C9 are the coefficients of the terms in the first and
second order equations for the trend surfaces fitted to a fragment or
combination of fragments# The equations are thus
a » CI + C2X + C3Y
a » C4 + C5X ♦ C6Y + C7x2 + C8Y2 + C9XY
where Zt the dependent variable, represents terrace height at rx>inta
whose coordinates are X and Y, The power factor of each coefficient
is written immediately after it. N is the number of heights in the
calculation while 3 is the standard deviation of the '& values and r is
the correlation coefficient# N.C# represents National Grid coordinates
while R represents coordinates measured relative to a lino round the
rear of the fragment#
The symbols used in section C are explained in the covering text,
Chapter 11(Section D).
414
A. Surfacea fitted to Individ-gal fragments
1. F 5'34 (N.G.) Rectangular grid over whole terrace
1st* degree 2nd, de^rree
01 as .770401 + 03 04 SS .347124 + 04
02 as -.358252 - 01 05 as -.762977 + 01
C3 as -.114316 + 00 C6 S3 .141954 + 02
07 S3 .196180 — 03
08 S3 -.362980 - 02
09 - .143608 - 02
r as O.8624 r a 0.8697
S SI 0.87 3 38 0.85
N ss 58
2. F 534 (R) iei-chta all over fragment
1st. dertree 2nd. de.To?ee
01 SS .145270 + 05 04 S3 .789047 + 02
02 33 -.330453 - 00 05 sa .263289 + 01
03 33 -.351679 - 00 06 S3 .707863 + 01
07 S3 -.352650 - 91
08 S3 -.301802 - 00
09 33 -.131896 - 00
r S3 .8287 r S3 .8904
3 S3 .98 S SS .80
N =r 58
3. F 58*5 (9.G.) fei :'it3 around rim and croan travorseg
1st, dp-cce
01 =* .707757 + 05
02 - -.930002 - 01
03 » .230455 - 01
2nd, derroo
04 » .602600 i- 05
05 = -.170032 + 02
06 = .114310 + 01
07 - .963230 - 03
08 - -.150096 - 02







4. F 505 (H.Q.) Heights on rect*n<nilnr -rid over whole frarenent
1st, depree 2nd, decree
CI a .742396 + 03 C4 SB .341107 + 05
C2 « -.911845 - 01 C5 S3 -.646539 + 01
03 a .941784 - 02 06 SB -.678489 + 01
07 S3 .787800 — 04
08 S3 -.631990 - 03
C9 =8 .158796 — 02
r a .9175 Y S3 .9381
5 a 1.37 s S3 1.19
N a 177
5« F 595 (R) Heights all over fra,spent
1st, degree 2nd, de *ree
CI .146795 + 03 C4 =3 .148204 4* 03
02 a -.612422 - 00 C5 S3 -.931655 - 00
C3 .500470 - 00 C6 SB .660369 - 00
GJ S3 .121943 - 01
08 S3 -.117444 - 01
09 35 .206453 «• 02
r = .9547 T =3 .9616
S a 1.04 3 S3 .96
N a 177
6. F595 (R) Upstream half only - heights all over surface
1st. deswee 2nd. decree
CI a .147800 + 03 C4 » .147394 + 03
C2 a -.729936 - 00 C5 = -.683208 - 00
C3 a .496390 - 00 06 a .916406 — 00
07 a .412525 - 03
08 a .253145 - 01







7. F 535 (R) Downstreat end only - heights all over surfaoe
1st, de-rree 2nd, degree
CI 52 .143791 + 03 C4 « .141173 + 03
C2 S -.445746 - 00 C5 S3 -.257963 - 00
C5 =s .749954 - 00 C6 SB .194033 + 01
C7 23 -.265077 - 02
C8 a -.456037 - 01
C9 23 -.579595 - 01
r 23 .9015 r 2S .9058
S 23 .95 S as .93
8. F 535 (fi.O.) Rectangular grid within 1 Kb. square 69/55 only
1st. decree 2nd. degree
Cl = .607020 + 03 C4 S3 .520920 05
C2 ■ -.940657 - 01 C5 =3 -.884778 + 01
C3 = .560747 - 01 C6 23 -.126116 + 02
C7 a .667394 - 03
08 a .206395 - 02
C9 as -.157394 - 03
r a .9179 r S3 .9429
S =» .99 S a ♦83
N <- 145
9. F 585 (M.q.) Clustered data layout within 1 ftn. wqunre 60A3
1st, da Tee 2nd, cierree
Cl = .587091 + 03 C4 S3 .343715 + 05
C2 - -.105620 + 00 C5 a -.736266 + 01
C3 a .891744 - 01 C6 * -.506015 + 01
C7 23 .289902 - 03
C8 as -.258467 - 05












10. F 585 () Random data layout within 1 Kin, square 69/55
1st. 3o;Troe 2nd, de Tee
CI ss .597434 + 03 C4 as .479391 + 05
C2 53 -.907843 - 01 C5 58 -.132572 02
03 ■ .520836 - 01 C6 SE -.906630 - 00
07 a .613184 - 03
C8 =3 -.150598 - 02
C9 58 .139222 - 02
r a ,9290 r 23 .9652
S a .88 3 S3 .62
N 90
11 • F 586/518 '-■}. S.) Reotan.oii.lar mrirHed datr
1st. decree 2nd. de ree
CI S3 .292311 + 02 C4 - -.297386 + 06
C2 ss -.465676 - 01 C5 = .713856 + 02
C3 ss .126193 - 00 C6 « .274369 + 02
C7 « -.524222 - 02
C8 « -.434845 - 02
C9 - .725030 - 03
r 53 .4971 V - .8037
s SB 1.65 3 - 1.13
N S3 43
12. F 536/5 H (H) Data nll over surface - distorted ractfm.-nilar - rrid
1st, de'-rae 2nd. decree
CI =» .116004 + 03 C4 a .732303 + 02
C2 * .694357 - 01 05 S3 .311235 + 01
C3 — .144352 + 01 C6 .937458 - 00
C7 33T -.565320 - 01
C8 S3 -.313543 - 00







B. Surfaces fitted to oo-nbinations of fraraents
1. F 584 and *585 (4.Q-,) Uectanrtalag /grid over all of fragments
1st. decree 2ndf decree
CI s .639545 + 03 C4 - .671579 + 04
C2 SB -.775571 - 01 C5 » -.3-92776 + 01
C3 S3 .122265 - 01 06 ® .422071 + 01
C7 a .264511 - 04
C8 a -.169145 - 02
C9 a .101328 - 02
r =5 .3471 r = .9573
S SB 1.43 S - 1.29
u 38 255
2. F 884 and 518 (Kj Distorted rectangular grrid over all of fragments
1st. degree 2nd.. degree
CI ss .145091 * 03 C4 » .147507 + 03
C2 SB -.446904 - 00 C5 = -.854481 - 00
C3 S3 .351209 - 00 C6 a .104991 + 01
C7 = .102747 - 01
C8 = -.678270 - 01
C9 a -.108266 - 01
r zs .0446 r - .9731
3 S3 1.47 3 a 1.03
N » 235
3. F 534 and 596/588 (]'.->.) Rectangular grid all over fra nonts
1st. degree 2nd, do Tec
CI a -.325379 + 03 C4 ® -.189829 + 06
419
C2 =» -.975789 - 01 05 as .290699 + 02
C3 =" .340530 - 00 C6 33 .519518 + 02
07 as -.170830 - 02
C8 as -.610791 - 02
09 S3 -.150506 - 02
r • .7960 r S3 ,8636
S w 3.24 s S3 2.70
N as 106
4. F 534 and 536/533 (R) Distorted recta«?mlar flrid
1st. de/cree 2nd. decree
CI 32 .106205 + 05 04 - .532125 + 02
C2 =3 .333467 - 00 05 - ,216116 + 01
03 S3 .271302 + 01 C6 0 .122914 + 02
07 = -.122342 - 01
C8 « -.259893 - 00
09 - -.243786 - 00
r SS .8252 r as .8666
S S3 3.06 s - 2.70
N S3 106
5. P 535 and 535/533 U.S.) Rectangular grid all over fregents
1st. decree 2nd. de/rree
ci - .103615 + 04 04 SS -.126031 + 05
02 « -.151326 - 00 05 S3 .102719 ♦ 02
C3 a* .464383 - 01 C6 31 -.135755 + 02
07 S3 -.686071 - □3
C8 23 .230132 - 02
09 38 -.251740 - 03
r - .9331 r 53 .9569
S » 2.73 S S3 2.29
N =* 225
6. F 535 and 535/533 (H) Diatorte:.! rectrn-.-ular rid
1st, derree 2nd, decree
CI =s .150458 +05 C4 « .146352 + 05
C2 » -.915559 - 00 C5 as -.396535 - 00
C3 - .23850? - 00 C6 m .691950 - 00
07 a -.901318 - 02
C8 at .187344 - 00
C9 a -.087256 - 01
r ■ .9403 r m .9542
3 => 2.69 s m 2.36
H » 225
421
C. Comparison of trend sur'sce reaulta.
Surfaces order XI XL. F 1
A1 and A4 1 2 171 270.5 38
2 339.2 48
A1 and All 1 2 171 1123.5 157
2 1161.8 231
A1 and B1 1 2 171 12.9 2
2 5.3
A1 and B5 1 2 171 13.1 2
2 14.4 2
A2 and A5 1 2 171 100.5 27
2 119.5 17
A2 and A12 1 2 171 959.8 129
2 2009.8 279
A2 and B2 1 2 171 16.6 5
2 11.9 2
A3 and A4 1 2 174 27.1 4
2 0.7
A4 and A1 1 2 529 58.6 9
2 767.7 107
A4 and A3 1 2 528 74.4 11
2 7.9 2
A4 and All 1 2 528 5658.1 736
2 812.9 113
A4 and B1 1 2 528 3.1
2 0.3
A5 and A2 1 2 523 12.4 2
2 849.9 119
A5 and A6 1 2 528 13B.1 20
2 155.8 22
A5 and A7 1 2 528 59.4 9
2 52.9 8
A5 and A12 1 2 529 5917.5 822
2 1782,7 248
A5 and B2 1 2 528 24.0 4
2 58.5 9
A6 and A5 1 2 252 29.5 4
2 32.4 5
A6 and A7 1 2 252 142.1 20
2 103.2 15
A7 and A5 1 2 273 26.5 4
2 30.1 5
A7 and A6 1 2 273 205.9 29
2 259.8 36
A8 and A9 1 2 432 0,0
2 0.4
A8 and A10 1 2 432 1.2
2 11.7 2
A9 and A8 1 2 171 1.0
2 0.9
A9 and A10 1 2 171 2.7
2 0.9
AID and A8 1 2 267 0.8
2 33.1 5
A10 and A9 1 2 267 0.7
2 29.1 4
423
All and A1 1 2 141 2663.1 370
2 5059.4 480
All and A4 1 2 141 1443.0 200
2 3459.1 480
All and B3 1 2 141 39.4 6
2 20.2 3
A12 and A2 1 2 141 2401.8 333
2 3395.0 472
A12 and A5 1 2 141 377.3 122
2 51B5.0 442
A12 and B4 1 2 141 43.5 6
2 12.0 2
B1 and A1 1 2 702 53.1 8
2 468.7 66
B1 and A4 1 2 702 40.0 6
2 80.5 12
B2 and A2 1 2 702 15.9 3
2 172.5 24
B2 and A5 1 2 702 103.2 15
2 33.9 6
B3 and A1 1 2 315 155.3 22
2 182.5 26
B3 and All 1 2 315 122.4 17
2 124.8 18




d .I.aiic itEFK CriQN JRAVCRdE DA JA
Ihe results of 62 seismic refraction treverses and the
interpretations derived from inspection of this data and, where
possible, a comparison with boreholes or exoosed sections, are
tabulated overleaf. A number of abbreviations have been employed
in these tables and these are defined as follows:
Set an identification number
f tr verse t/pe, either F (forward) or B (back or reverse)
grid ief. National grid reference of the geophone position
Vl-V4 Seiaaio wave velocities of the materials in layers
1-4, in feet/second
C^-Cj critical distances to inflexion point3 on graph
from ; ophone positions, in feet
depths to seismic lly significant interfaces from the





? luestion -,1 :, interpretation
- moai likely in erpretation
at velocity lines on -;rr h discontinuous (Chapter 4)
A velocity value for bedrock or critical distance
assumed (on the basis of surrounding beirock velocity
v lues) in order to calculate h, the minimum thickness
of drift.
425
In certain cases, - lternative interpretations are possible but
have not been included. rhe surface layer, for example, may consist
of weathered till over unweathered till rather than the LlC/I nature
suggested in some cases. Likewise the water content of s nd may
ch: n;*e vertically and the /3&S nature suggested may be due to sr;nd
above and below the water table.
depths to the seismieally signifiesnt interfaces were calculated
usin ; the following standard fomulae:
Dl = CI x Kl
D2 = C2 x K2 + Dl x I
V2 - VI




































































































































































































































































































































































































































































3.6 2.8 16.6 14.1 7.9 8.4 8.1 6.5
18 10.5





4.4 11.4 15.o 15.o 10.6 14.4
15.2 45.0 38.4 43.7
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Appendix 5 Stone Counts*
The symbols O.R.S. and Carb. refer to rocks of Old Red Sandstone
and Carboniferous age respectively.
a) Five Mile Bridge (iff 1849 4066), 100 stone sample.
1 Lava, probably 0,R,3.
10 Felsites (O.R.S.)
2 Agglomerates, probably O.R.S.
3 Coarse sandstone conglomerates, probably O.R.S,
4 Banded sandstones, probably O.R.S, or Carb.
25 Purple dyke rooks, probably O.R.S.
44 Unweathered and highly weathered greywaokes
Unidentifiable
Total 100
-Nummary: 55/ O.R.S. or Carb., 44/ pre - O.R.S.
b) Hallyne esker (NT 1906 4057)» 100 stone sample.
3 Purple vesicled dyke rocks, probably O.R.S,
9 Felsites (O.R.S.)
6 Vein quartz, 1 with Jasoer.
82 Oreywackes or associated rocks
Total 100
Summary: 12, O.R.S, or Carb., 82/ ore - O.R.S.
431
Aymendix 68 Relevant sections not described in the text*
1# Berwick on Tweed#
SECTION IN BERWICK PLANTATION
2. Mertoun 'fill.
section 3 Location : NT 5660 3445
Brown silt with occasional
boulders and no stratification (till) c.60 feet
Sharp junction
Horizontally bedded gravel in sand
matrix c.30 feet
River






















section 7 Location : NT 9032 4800
otoney silty clay, compact
Sharp junction















9 „ Q foot
1.5 feet
3 feet
Section 9 Location :
Unstratified stoney silt
Bedrock








Location : NT 3654 4231
Large boulders 1 foot
Unsti^atified silty sand 6-3 feet
micaceous purple sandstone
action 12 .Location : NT 3250 3353
Silt and stones
4 feet
._>ubhorizontal gravel layer 4 feet
Section 13 Location : NT 7797 3360
Large rounded and subrounded







































Location : NT 522 360 (approx)
4-5 feet unbedded sub-angular material
2 feet medium sand with gravel lenses
heterogeneous sized gravel
2 feet current bedded small gravel
icipple marked fine sand and silt, base
not exposed














^ectxon 21 Location : NT 3671 3722
F 350
jand and gravel





Location : NT 1750 4146
15 feet +





grey silty loam with
few stones
section 24 Location : NT 1020 2790
sand, gravel, angular stones
and boulders 3$ feet
Stream
section 25 vocation :• NT 1095 2553
^toneless silt 1-3 feet
Large gravel and boulders o feet
River






Horizontal layer of silt with a few rounded and
many angular stones. 1-3 feet thick
Horizontal layer of stoneless silt 1.5 feet thick
Horizontal layer and horizontally bedded large gravel,
cobbles and boulders in a sand iatrix. 5 feet thick'
jteeply dipping and truncated beds of sand
and gravel, varying in coarseness 6-7 feet exposed
• liver
section 27 Location : NT 0555 1797
Peat 1-2 feet
Frost shattered pebbles 2 feet
brown silty clay,
incorporating thin gravel
and sand layers 10 feet
437
Appendix 7. pollen Counts*











































Appendix S t Computer Programs in Atlas Autocode.
Bote? Some of the symbols shown overleaf are peculiar to
the EBCDIC oard punching system on IBM 029 punches. The $ sign,







% REAL SX,SY,oX2,SY2,SXB2,SYB2,SXY,A,B,R,3TD ERROR,C
% REAL SID DEVN,A2,A3,M,A5,B2,B3,B4,B5













17: % IF X(l) <^0 jfcTHEN REFERENCE










R=( (Ni£XY)-(SXJ£Y) )/SQRT( (NaSX2-SXB2) (NS£Y2-SYB2))
B=((SX»SY)-(N s3XY))/(SXB2-(N *SX2))
A=(SY-(B*SX))/N
STD ERROR = SQRT (ROD ((SY2-( (As£Y) + (Bi6XY)) )/2))
NEWLINES (5)
% CAPTION FOR GENERAL EQUATION OF FORM Y=BX+A, A=
PRINT (A,4,2)
NEWLINE
% CAP TION B=
PRINT (B,4,2)
NEWLINES (2)
% CAPTION CORRELATION COEFFICIENT, R=
PRINT (R,l,4)
NEWLINES (2)
% CAPTION COEFFICIENT OF DETERMINATION, D=
PRINT (fix *2,1,4)
NEWLINES (2)
% CAPTION NUMBER OF TERNS, N=
WRITE (N,4)
NEWLINES (2)
% CAPTION STD ERROR=
PRINT (STD ERROR,5,3)
NEWLINES (5)














% FAULT 1 —^ 38
R=((P i£XY)-(SXxWY))/SQRT((P xSX2-SXB2) (P xSY2-SYB2))
B2=((SXa£Y)-(P*SXY) )/(SXB2-(P*SX2))
A2=(3Y-(B2*SX))/P
STD ERROR = SQRT(MOD((SY2-((A2s£Y) + (B2»SXY)))/2))






% CAPTION CORRELATION COEFFICIENT,R=
print (r,2,4)
NEWLINES (2)
% CAPTION COEFFICIENT OF DETERMINATION,D=
PRINT (R»i2.1,4)
NEWLINES (2)
% CAPTION STANDARD ERROR OF E3TIMATE=
PRINT (STD ERROR ,4,3)
NEWLINES (2)
% CAPTION NUMBER OF TERMS, P= SPACES (10) N=
WRITE (P,4): SPACES (10)j WRITE(N ,4)
NEWLINES (2)
% CAPTION % VARIATION OF As } PRINT (MOD(l00x(A2-A)/A),4,2)
% CAPTION % VARIATION OF B= } PRINT (MOD(100*(B2-B)/B),4, 2)
NEWLINES (5)
38: SX=0j SY=0; SX2=0j SXB2=0j SYB2=0; SXY=0; E=Oj SY2=0
N3=1NTPT (N/3) *H -2











B3=( (SXxSY)-(E *3XY))/(SXB2-(F. *SX2))
A3=(SY-(B3«SX))/E
STD ERROR = SQRT (FDD((SY2-( (A3* SY) + (B3* 3XY)))/2))
R=((E *3XYMSXxSY))/SQRT((E *SX2-SXB2)(E XSY2-SYB2))
% CAPTION N = E=
WRITE (N ,3); SPACES (10); WRITE (E,3)






% CAiTION CORRELATION COEFFICIENT,R=
PRINT (R,2,4)
NEWLINES (2)
% CAPTION COEFFICIENT OF DETERMINATION^
PRINT (Rsw2.1,A)
NEWLINES (2)
% CAPTION STD ERWOlis
PRINT (STD ERROR,At3)
NEWLINES (2)
% CAPTION % VARIATION OF A=}PR1NT(PDD(100k(A3-A)/A),4,2)
% CAPTION % VARIATION Ox B=jPRINT(MDD(100k(B3-B)/B),4,2)
NEWLINES (5)
SX=0 j SY=0} 8X2=0} SXB2=0} SYB2=0; SY2=0; SXY=0} D=0
nx=intpt(kA) *j -3












R=((D *SXY)-(SX*3Y))/SQRT((D *SX2^SXB2) (D s£Y2-SYB2))
BX=( (SXsfiY)-(Di^XY) )/(SXB2- (D*SX2)
AA=(SY-(BXa6X))/D
STD ERROR = SQRT (MOD ((s Y2- ((A4»6 Y) + (B4* SXY)))/2))






% CAPTION CORRELATION COEFFICIENT,R=
PRINT (R,2,X)
NEWLINES (5)
% CAPTION COEFFICIENT OF DETERMINATION,D=
PRINT (Rsq€2,2,X)
NEWLINES (5)
% CAPTION NO OF TERMS, D=
write (d,3)
newlines (3)
% CAPTION STD ERROR=
PRINT (STD ERROR,4,3)
NEWLINES (2)
% CAPTION % VARIATION OF A=j PRINT(M0D(100*(A4-A)/A),4,2)
% CAPTION % VARIATION OF B=j PRINT(KjDD(100*(B4 B)/B),4,2)
NEWLINES (8)
















R=s( (f *SXY)-(SX*8Y))/SwRT((F *3X2-SXB2)(F a£Y2-8YB2))
B5=( (LX*SY)- (JkSXY))/(SXB2- (p*SX2))
A5=(SY-(B5KSX))/F
STD ERROR = SQRT(M0D((SY2-((A5*SY) + (B5*6XY)))/2))






% CAPTION CORRELATION COEFFICIENT,R=
PRINT (R,2,X)
NEWLINES (2)
% CAPTION COEFFICIENT OF DETERMINATION,D=
PRINT (Rjw2t2,4)
NEWLINES (2)
% CAPTION F= H=
WRITE (F,3)j SPACES(10)J WRITTEN ,3)
NEWLINES (2)
% CAPTION STD ERROR=
PRINT (STD ERROR,X,3)
NEWLINES (2)
% CAPTION % VARIATION OF A= ; PRINT(MOD(100*(A5-A)/A),X»2)
% CAPTION % VARIATION OF Bs j FRINT(MOD(100k(B5-B)/B),X,2)
NEWLINES (5)
39s % CAPTION B2-B=


















PRINT((MOD (AX)-iOD (A)), 3,2)
NEWLINE

















SRC2,SD1,SD2,SRCSQ1,SRC3Q2,SDSQ1 ,SDSQ2,SEX, RAPE, F,VI, V2, R, K, E, PQ





1: SRA1=0 JSRA2=0 jS RASQ1=0 jSRASQ2=0 jSRC1=0 }SRC2=0 }SD1=0 ;SD2=0:
S RCSQ1=0 }S RCS Q2=0}N=0 :SDSQ1=0:S DSQ2=0
READ(PQ,N,Gl,C2,C3,CZ,C5,G6,C7,C8,G9)
% COMMENT X,Y & Z ARE COORDINATES OF POINTS ON TERRACE A
% COMMENT PQ=1 WHEN G IS PRESENT
%1F PQ= lji THEN —> 12







ZTl(l) = C1+C2* X(I) + C3* Y(I)
ZT2(1) = CZ + C5 * X(I) + C6«Y(I) + C7* X(I)**2+C8k Y(l)«f2
♦C9*X(l) * Y(I)
RAl(l) = ZTl(l) -7.(1)
Ra2(I) = ZT2(I) -7(1)
^COMMENT RA IS RESIDUAL FROM 1 OR 2 ORDER SURFACES FITTED TO DATA
SET A
SRA1 = SRA1 + RAl(l)
SRA2 = SRA2 + RA2(l)
SRASQ1 = SRASQ1 + RAl(l)aat2
SRASQ2 = SRASQ2 + RA2(l)«c2
%REPEAT
MEAN(1) = SRA1 /N
MEAN(2) = SRA2 /N
STANDEV(l)=SQRT( (SRASQ1 /N)-(SRAl /N)s*2)
STANDEV(2) = SQRT( (SRASQ2/N) - (SRA2/N)k*2)
%CYCLE P = 1,1,2
%1F P = 1 $THEN A(I) = RAl(l)
%1F P = 2 £THEN A(I) = RA2(l)
HISTOGRAM
% REPEAT
H • RUAD (Cl, C2, C3, cz, C5, C6, C7, C8,C9)
% CYCLE I = 1,1, N
ZTCl(l) = Cl + C2 *X(I) + C3*Y(I)
ZTC2(1) = 04 + C5 *X(I) + C6kY(I) + C7*X(I)*K2 + C8*Y(l)«t2 + C9
stX(l)*Y(l)
RC1(I) = Z1C1(I) - Z(l)
RC2(I) =ZTC2(I) - Z(I)










SDSQl = SDSQ1+ Dl(l)aac2
SDSQ2 = SDSQ2+ D2(I)wi2
%REPEAT
MEAN(l) = SRC1/N
MEAN (2) = SRC2/N
MEAN(3) = SD1/N
MEAN(4) = SD2/N
STANDEV(l) = SQRT((SRCSQ1 /N)-(8RCl/N)**2)
STANDEV(2) = SQRT((SRCSQ2 /N)-(SRC2/N)«s2)
STANDEV(3) = SQRT( (SDSQl /N)-(SDl/N)«i2)
STANDEV(4) = 3QRT((3DSQ2 /N)-(SD2/N)j«2)
% CAPTION THE FIRST PAIR OF HISTOGRAMS REFER 11) SURFACE C,
THE SECOND PAIR TO THE D VALUES
NEWLINES(§)
% CYCLE P = 1,1,4
%1¥ P = 1 JbTHEN A(l) = RCl(l)
%1F P = 2 $THEN A(I) = IiC2(l)
%1f P = 3 %then A(I) = Dl(r)
JclF p = 4 ^THEN A (I) = D2(l )
HISTOGRAM
% REPEAT
'^COMMENT SEX. = 1ST. VARIANCE BETWEEN COLUMN MEANS
^COMMENT RAPE = EST. VARIANCE WITHIN COLUMNS
£CYCLE M = 1,1,2
K = ((SRAlaai2)/N+(SRCla«2)A + (SDls«2)/N)



















^CAPTION TOTAL VARN. (SHOULD BE IDENTICAL) =
PRINT ( (SEXk2)+RAPEK3*(N-1),5,2)
NEWLINE





















SPACES (3)} PRINT (1,1,0)} SPACEj (2)
/CAPTION ORDER SURFACE
NEWLINES(8)
£ = MEAN(P)+ (STANDEV (p)«7/2)





/CYCLE I = 1,1, n
y IF A(I)>-VAL(2) /then score
'/IF VAL(3) < A(I) < VAL(2
/IF VALU)c A(I) <VAL(3
IF VAL(5)<A(I) -CVALU
/if val(6) «cta(i) <val(5
/IF VAL(7.) -C A(l) <CVAL(6
/IF VAL(8) A (I) <C VAL(7
/IF VAL(9) < A (I) C VAL(8
/IF VAL(IO) «=C A(I)C VAL(9)
/IF VAL(ll) C A(I) VAL(lO)
/IF VAL(12) a(I) < VAL(ll)
/IF A(I) <c VAL(12) /THEN SCORE
/REPEAT
PRINT SYpOL(» + »)
NEWLINE
/CYCLE 1= 1,1,12
/IF SCGRE(I) = 0 /THEN——:2





PRINT SYMBOL(' + ')
NEWLINES(5)
/END
(1) = SCORE(l) +1




/then score (6)=score(6) +1
/then score (7)=ssc0re(7)+l
/then score (8)=6c0re(8) +1
/then score (9)=sc0re (9)+1
/then scorj (10)=score(10)+1
/t:en score (ii)=score(ii)+i
(12)=sc0re(12)+1
/ENDQFPROGRAM
